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@ Downtown 
garage-parking is 

fast becoming a big-time 
industry. Standing out among 
the rapidly-growing number of well- 
designed, all-concrete parking structures 
is 700-car Denison Park-It-Yourself Garage, in 
the heart of downtown Indianapolis. 

Instead of steep ramps, this attractive, ultra-firesafe building, concreted 
throughout with “INCOR” 24-HOUR CEMENT, has gradually-sloped floors 
with only 4% grade, for continuous, easy-drive spiral. 

For lowest annual cost and utmost fire-safety, concrete has the call in ga- 
rage construction, and “Incor”’* is the logical choice—for quality concrete, at 
maximum speed and minimum cost: 

Forms stripped in 24 hours, faster form reuse, one third as many forms as 
with ordinary cement... 2 or 3 days less heat protection in cold weather 
... faster completion, lower overhead . . . earlier occupancy, at less cost. 

Save time and money ... use America’s FIRST high early strength portland 
cement. *Reg. U. 8. Pat. Off. 
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LONE STAR CEMENT CORPORATION 


Offices: ABILENE, TEX, + ALBANY, N.Y « GETHLEHEM, PA. BIRMINGHAM. BOSTON « CHICAGO - DALLAS - HOUSTON 
INDIANAPOLIS « KANSAS CITY, MO. ~ NEW ORLEANS « NEW YORK « NORFOLK - RICHMOND - WASHINGTON, DC 4 
LONE STAR CEMENT. WITH ITS SUBSIDIARIES, iS ONE OF THE WORLD'S LARGEST 
CEMENT PRODUCERS: 16 MODERN MILLS. 136,000,000 SACKS ANNUAL CAPACITY 
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With the aim of providing a perspective of the field of admixtures for the 
engineer confronted with a need of modifying concrete to meet special require- 
ments of a given job, ACI Comarrrer 212 has classified admixtures into 11 
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H. M. ESTES E. W. REEVE 
K. B. FOSTER GEORGE SHERVINGTON 


SYNOPSIS 


This specification sets forth recommended loadings, including provision for 
both wind and earthquake, for the design of reinforced concrete chimneys and 
recommended methods for determining the stresses in the concrete and rein 
forcement resulting from these loadings. The method of analysis includes de 
termination of the stresses at horizontal cross sections where flue or other 
openings occur as well as at sections where the cross section is an annular 
ring. Charts containing curves to aid in the rapid solution of the specified 
formulas are included. While the method of analysis applies primarily to 
chimneys, it can be used for other hollow circular cross sections, with or with 
out openings, where the shell thickness is small in proportion to the diameter 

Formulas are recommended for determining the temperature gradient 
through the concrete resulting from the difference in temperature of the gases 
inside the chimney and the surrounding atmosphere, together with methods 
for determining the stresses in the concrete and reinforcement both vertically 
and circumferentially due to the temperature gradient through the concrete 


Formulas for combining the stresses due to dead, wind, and earthquake 


loads with the stresses due to temperature are included in the specification, 


together with recommended allowable stresses in the concrete and reinforce 
ment for the various stress combinations. 

The specification covers the mixing and placing of the concrete by reference 
to the ACI “Building Code Requirements for Reinforced Concrete” (ACI 
318) with supplemental provisions to take care of the special requirements for 
concrete chimneys. 

The specification also includes recommended practice for linings for con 
crete chimneys, where required, for lightning protection, access ladders, and 
other chimney accessories. 

In an appendix many of the equations used are derived and the assumptions 
on which they are based are given. 

*Adopted as a Standard of the American Concrete Institute at its 50th Annual Convention, Feb 1954 
reported by Committee 505; ratified by Letter Ballot June 1, 1954 
Title No. 51-1 is a part of copyrighted Jounnat or THe Amenican Concnere Inerrrure, V o 1 


Sept 
1954, Proceedings V. 51. Separate prints in covers, are available at $1.00 each. Discussion (copies in triplicate) should 
reach the Institute not later than Jan. 1, 1055 Address 18263 W. MeNichols Rd., Detroit 19, Mich 


; 
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INTRODUCTION 


The original Committee 505 submitted to the Institute a “Proposed Standard 
Specification for the Design and Construction of Reinforced Concrete Chim- 
neys,”’ an outline of which was published in ACI Proceedings, V.30, Mar.-Apr. 
1934. Notice of the adoption of the original specification, unrevised, as a 
tentative standard, Designation 505-36T at the Institute’s 32nd annual 
meeting in Chicago in February, 1936, appeared in ACI Proceedings, V. 32, 
1936. The tentative standard was published in full by the Institute, but had 
never been adopted as an [astitute standard specification. In May, 1949, 
Committee 505 was reactivated to revise the tentative standard specifica- 


tion embodying modifications which have been found desirable in the many 


years it has been in use. 


The tentative standard specification has been completely rewritten and re- 
arranged. ‘The basis of design is essentially unchanged but due to the pre- 
vailing use of higher strength concrete with higher moduli of elasticity, curves 
for n 8 have been included and those for n 15 have been deleted. 


The tentative specification dealt with the stresses due to earthquake on the 
basis of cantilever action of the mass of the chimney above any horizontal 
section. Experience has indicated that this procedure provides adequate 
strength and stiffness for the lower fifth of a chimney but that the upper 
portion of chimneys designed on this basis may develop cracks when sub- 
jected to earthquake forces. This presumably is due to whipping action and 
the present specification gives a method of determining the stresses in the 
upper four-fifths of a chimney. 


The section dealing with the temperature gradient through the chimney 
lining and the chimney shell has been completely revised and extended to 
cover varying kinds and thicknesses of linings and both unventilated and 
ventilated air space between the lining and the concrete shell 


Both the present design standard and the specification are written on the 
basis that it is advisable to include a definite method for determining the 
more important stresses in a reinforced concrete chimney with definite limits 
for the stresses so determined even though the securacy of the method of 
determination may be subject to further study and the value of specified 
constants may well be subject to the results of further experimental and test 


data 


The committee urges members of the Institute and the engineering pro- 
fession as a whole to offer constructive criticism along these lines. In par- 
ticular the committee would like to receive data covering tests or experi- 
ments which bear on the true temperature gradient through chimney linings, 
air space and the chimney shells. Despite the long period during which the 
importance of this factor has been recognized, very little data are available. 





REINFORCED CONCRETE CHIMNEYS 


SECTION 1-——-GENERAL 
100—Scope 


(a) This specification covers the design and construction of reinforced 
concrete chimneys. The specification includes provision for linings, their 
support, and their effect on the stresses set up in the concrete shell due to 
temperature. Requirements governing the adequacy of lining materials 
to resist temperature and abrasive or corrosive action of chimney gases are 
considered outside the scope of this specification. 


101—Drawings and computations 


(a) Drawings of the chimney and its foundation shall be prepared showing 
all features of the work, including the thickness of the concrete chimney 
shell; the size and position of all reinforcing steel; the type, thickness, supports, 
and flashings for the chimney lining, if required; and complete information 


on all chimney accessories. If the design is prepared by the chimney con- 
tractor, he shall, if requested, furnish copies of computations on which the 
design drawings are based. These drawings shall be approved by the engineer 
representing the owner before any construction work is undertaken. 
102—Regulations 

(a) The design and construction of the chimney and its foundation shall 
conform to the requirements of all ordinances and regulations of authori- 
ties having jurisdiction. If such requirements permit less conservative 
design or construction procedure the requirements of this specification shall 
govern. 


SECTION 2—MATERIAL AND TESTS 
200—General 


(a) All materials and tests shall conform to the American Concrete In- 
stitute “Building Code Requirements for Reinforced Concrete” (ACI 318) 
except as specified otherwise. 
201—Cement 

(a) The same brand and type of cement shall be used throughout the 
construction of the chimney. 


202— Aggregates 

(a) The maximum size of the aggregate shall be not larger than one-eighth 
of the narrowest dimension between forms of the member for which the con- 
crete is to be used nor larger than one-half the minimum clear spacing be- 
tween reinforcing bars. 

(b) Aggregates susceptible to acid attack shall not be permitted except 
where acid attack on the concrete of the chimney shell is negligible or where 
the concrete is adequately protected against acid attack.* 

*High sulfur coal, heavy oils, refinery sludge, and similar fuels produce sulfuric and sulfurous acide in the chimney 
gases due to the combination of the sulfur and water during combustion. Similar acids exist in most flue gases 
but to a much lesser extent where fuels of low sulfur content are used. These acids condense on the chimney walls 
when the gas temperature drops below the dew point. Wherever conditions indicate the formation of acids in 
sufficient quantity to attack concrete, reinforced concrete chimneys should be lined full height with materials 
suitable to withstand the corrosive conditions which prevail, the arrangement and details of the lining being such 
as to protect properly the concrete of the chimney shell. Consideration should also be given to the protection of 
the outside surface of the chimney shell near the top, by means of suitable coatings, since rain combining with 


soot deposits on the chimney cap and downdrafts carrying soot and flue gas tend to form dilute acids on the wetted 
outside surface of the chimney shell. 
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203—Metal reinforcement 

(a) Reinforcing bars shall conform to the requirements of the “Standard 
Specifications for Billet-Steel Bars for Concrete Reinforcement, ASTM 
Designation: Al5,” and shall be deformed bars of the intermediate or hard 
grade. 
204—Linings 

(a) Unless otherwise specified, where chimney gas temperatures do not 
exceed 800 F, brick for chimney linings shall be hard burned shale or clay 
brick conforming tv “Sta dard Specifications for Building Brick, ASTM 
Designation: C62,’”’ Grade SW, and whether rectangular or radial shall be 
without perforations. 

(b) For chimney gas temperatures exceeding 800 F, firebrick linings shall 
be used having characteristics in accordance with the manufacturer’s estab- 
lished data to meet the required service conditions. 

(c) For highly corrosive chimney gases special brick shall be used to meet 
the required service conditions. 
205—Tests 

(a) Laboratory tests of materials as called for by this specification shall be 
either by the Owner or the Contractor as agreed upon. The Contractor 


shall arrange for all field tests and the preparation of field specimens required 


in connection with the tests and shall co-operate in every way in furnishing 
materials and samples in ample time for the carrying out of the tests required. 


SECTION 3—DESIGN OF FOUNDATIONS 
300—General 


(a) The chimney foundation shall be designed in accordance with the 
American Concrete Institute “Building Code Requirements for Reinforced 
Concrete” (ACT 318). 

(b) The allowable unit bearing values for the soil or piles supporting chim- 
ney foundations shall be consistent with sound engineering practice based 
upon adequate subsoil investigations. Particular care shall be observed to 
avoid unequal settlement causing tilting of the chimney. Wind loads and 
earthquake loads need not be considered as acting simultaneously.* 


SECTION 4—DESIGN OF CHIMNEY SHELL 
400—General 


(a) For derivation of equations given in this section see appendix. 

(b) The chimney shell shall be designed to resist the stresses due to the 
weight of the chimney, the force of the wind on the chimney, the effect of 
temperature both vertically and circumferentially, and, in localities where 
earthquakes are likely to occur, for the effect on the chimney of earthquakes.* 

(c) Stresses shall be computed by the methods and formulas set forth 
herein and shall not exceed the permissible stresses hereinafter specified 
for the various conditions stated. 


*Recorded severe earthquakes have not occurred simultaneously with high winds so it is generally accepted that 
structures need not be designed for the stresses caused by both wind and earthquake, as if acting at the same time 
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(d) The weight of various materials TABLE 1—RESULTANT PRESSURES AT 


; : VARIOUS HEIGHTS* 
shall preferably be determined by 
weighing sample construction. Other- Height, shove ground bent 


wise typical materials shall be consi- 


0-50 20 


dered to weigh not less than the Re +4 


q ing: , > . raval a rata 200-300 30 
following: stone or gravel concrete == a0 


150 Ib per cu ft; solid brick lining—125 a = 
Ib per cu ft; and fire brick lining pone A = 
130 lb per cu ft. 

(e) The force of the wind on a 
chimney of circular cross section shall be taken as the resultant of the hori- 
zontal pressures on its projected area considered as bands of uniform load- 
ing applied to the chimney within height zones, in accordance with Table 1.* 
These wind pressures shall be considered as minima. For locations where 
weather bureau records indicate maximum 5-minute average velocities in 
excess of 67 mph, the recorded maximum 5-minute average shall be corrected 
to the value representing the velocity at 30 ft above ground level. This value 
shall be increased 50 percent to represent gust velocity. For such locations 
or where gust velocities in excess of 100 mph are anticipated, the tabular 
values for the force of the wind on the chimney shall be increased as follows: 
Fy Snes |” * Tabular Values 

100 

Where 

faagin Maximum gust velocity recorded or anticipated at 30 ft above ground, mph 

F, Wind pressure within the respective height zones given in Table 1, psf 

(f) The minimum thickness of the concrete shell for any chimney with an 
internal diameter of 20 ft or less shall be 6 in. When the internal diameter 
exceeds 20 ft, the minimum thickness, in in., shall be determined from the 
following equation 

d 240 
120 


l 


Where 
f thickness of chimney shell at section under consideration, in 
d inside diameter of concrete chimney shell, in 


(g) The clear concrete cover over the reinforcement shall be not less than 2 in 


401—Stresses due to wind and dead loads at horizontal sections where there are no openings 


(a) At horizontal sections where there are no openings in the chimney 


shell, the maximum stresses in the concrete due to the combined action of 
wind and dead loads shall be computed by Eq. (14) and (17). 
1. Stress at mean diameter of chimney shell 


W (1—cos «) 
~ (14)t 
2rt [(1—p) (sin « LCOS &)—np © COB e 
*The values in Table 1 are computed on the basis of the velocity pressure, height and shape factors given in the 
American Standards Assn. Specification A58.1-1945 “Minimum Design Loads for Buildings or Other Structures.” 
but the minimum design wind pressures specified for chimneys are based on a gust velocity of 100 mph at 30 ft 
above ground instead of 75 mph, which is the basis of the tabular values for the minimum design wind preasure 
on buildings given in Section 5-1 of the ASA specification 
tFor preceding and intervening equations see appendix 
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2. Stress at outside diameter of chimney shell 


t 
ew oo 4 
f f L 2r (1 med 
Where 


Weight of chimney above section under consideration, lb 

Mean radius of chimney shell at section under consideration, in. 

Thickness of chimney shell at. section under consideration, in. 

Ratio of total area of vertical reinforcement to total area of concrete of chimney 
shell at section under consideration 

Ratio of modulus of elasticity of the reinforcement to the modulus of elasticity 
of the concrete 

One-half the central angle subtended by the neutral axis as a chord:on the circle 
of radius r 


« may be determined from the curves in Fig. 1 to 12, inclusive, in the follow- 
ing manner. Determine p and e/r where e = M/W. With these values of p 
and e/r, read « from these curves which are plotted for several values of n 
when 6 = 0. 

Where 


M = Bending moment at section under consideration due to wind acting on that por- 
tion of the chimney above the section, in.-lb 

8 = One-half the central angle subtended by the opening as a chord on the circle of 
radius r 


(b) At horizontal sections where there are no openings in the chimney shell, 
the maximum stress in the vertical reinforcement on the windward side of the 
chimney, f,., due to the combined action of wind and dead loads shall be 
computed by Eq. (20). 


|] + ¢os« 
Soo = 1S cw (20) 
] COB @ 


Where n, «, and f’,,. are as heretofore determined. 


402—-Stresses due to wind and dead loads at horizontal sections where there are openings 

(a) At horizontal sections where a single opening occurs or two openings 
occur diametrically opposite each other in the chimney shell, the maximum 
stress in the concrete due to the combined action of wind and dead loads shall 
be computed by Eq. (13) and (15). 

1. Stress at mean diameter of chimney shell 

, W (cos 8 cos «) 
Piow 2rt (1 p) (sin « «cos « ) (l—p + np) (sin 6 68 cos « ) np w COs je 

2. Stress at outside diameter of chimney shell 

feo = S' ew [ t . | (15) 

2r cos B (cos 8 COs « ) | 

Where W, r, t, p, and n represent the values for the section under considera- 
tion as previously defined under paragraph 401, and « is determined from the 
curves in Fig. 1 to 12, inclusive, using the proper values of n and 8. 

For two openings diametrically opposite each other, use the larger opening 
for determining 8. 

Where £ lies between values for which curves have been plotted, interpolate 
between the curves given. 
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(b) At horizontal sections where a single opening occurs or two openings 


occur diametrically opposite each other in the chimney shell, the maximum 


stress in the vertical reinforcement on the windward side of the chimney, 
few, due to the action of wind and dead loads, shall be computed by Eq. (19 
; 1 + cosa 
Sou af on (19 
; cos 6 COs « 
(c) Cases where there are two openings not diametrically opposite or where 


there are more than two openings require special investigation 


403—Moments due to earthquakes 

(a) Where earthquakes are likely to occur, chimneys shall be designed to 
resist the forces set up by an earthquake of the maximum severity antici- 
pated from the earthquake experience record for the region under considera- 
tion. The moments from earthquake shock, M,, shall be computed by Kq. 
(51) and (52) 

1. Where the section under consideration is at or below 1/5 of the total 
chimney height measured from base of chimney 

M. = Fh’ . (51) 

2. Where the section under consideration is more than 1/5 of the total 
chimney height measured from the base of the chimney* 

h! 


M, Fh” 
100 


Where 

F Wa/g WRK, 

W Weight of chimney above section under consideration, including any portion ol 
lining supported from the chimney shell, lb 
Distance from section under consideration to center of gravity of chimney mass 
above the section, in. 
Distance from section under consideration to the section that is 1/5 of the total 
height of the chimney above the base, ft 
Acceleration due to the earthquake, fps per se 
Acceleration due to gravity, fps per sec 
a/g Seismic coefficient to be determined for locality where chimmne 


constructed 
404—Stresses due to earthquake and dead loads at horizontal sections where there are no openings 
(a) At sections where there are no openings in the chimney shell, the stresses 
in concrete and reinforcement due to earthquake and dead loads denoted by 
fice, See, and f,, shall be computed by Eq. (14), (17), and (20) in exactly the 
same manner as stresses due to wind and dead loads using M, for M, f’.. for 


er i for ff = and Tae for ; 


405—Stresses due to earthquake and dead loads at horizontal sections where there are openings 
(a) At horizontal sections where a single opening occurs or two openings 
occur diametrically opposite each other .a the chimney shell, the stresses in 


*It is a well recognized fact that the upper portions of chi »ys and other hig ruetures. with relat 
base dimensions in relation to height, are subjected to ynents in the upper 
greater than those obtained in the force by height formulas represented by Kkaq 
upper portions can be satisfactorily calculated by theoretical methods, these 
applied to actual chimneys t is recommended therefore that Kq 12) be user 
upper portions of the chimney within the limits of accuracy of the assumed seiamic « 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1954 


the concrete and reinforcement due to earthquake and dead loads denoted by 
S' ce: See, and f,, shall be computed by Eq. (13), (15), and (19) in the same 
manner as stresses due to wind and dead loads using M, for M, f’.. for f’ ew, 
fee for few, and f,. for fow. 
(b) Cases where two openings are not diametrically opposite or where 
there are more than two openings require special investigation. 
406—Vertical stresses in concrete due to temperature 
(a) The maximum vertical stress, in psi, in the concrete, occurring at the 
inside of the chimney shell, due to temperature, f’ery shall be computed by 
Iq. (24). 
Serv = LkTE. _ (24) 
Where 
Thermal coefficient of expansion of the concreté and of the reinforcing steel, to 
be taken as 0.0000065 per deg F 
Modulus of elasticity of the concrete, psi 
pn + Vv pn (pn + 2z) : (28) 


Ratio of total area of vertical temperature reinforcement to total area of con- 
crete of chimney shell at section under consideration 


Ratio of distance between inner surface of chimney shell and vertical tempera- 
ture reinforcement to total shell thickness ¢ 
n is as heretofore defined 
T, is computed by Eq. (21a), (21b), (21¢), or (22)* 
For unlined chimneys: 
tD.< ‘¥ 7, 
’ (21a) 
C.De| 1 D., dD. 
“il > t > 
K, CD, KD. 


T's 


2. For lined chimneys with insulation completely filling the space between 


the lining and shell: 
(Dy, T 


CD, | Dry LDyi (Dix Du 


; 


K, CD, ; Ce ' CD. : K.D., 


1, (21b) 


*The research data available to establish the coefficients of heat transfer through chimney lining and shell, 
especially as they concern the heat transfer from gases to the surfaces and through ventilated air spaces between 
lining and shell, are somewhat meager. Unless complete heat balance studies are made for the particular chimney, 
it is permissible to use constants as determined or stated below. These constants when entered into the equations 
for termperature differential through the chimney shell, 7,, will give values of accuracy in keeping with the basic 
design assumptions 


” 0.5 K,; = To be determined from curves in Fig. 17 
12 K 12 


r 
( 
( 


sand Cy To be obtained from the manufacturer of K, T/120 
the materials used Ke T/150 
The value rg O45 mene 


yply only where the distance between the lining and the chimney shell is not less than 
4 in. throughout the entire 


eight of the lining and air inlet openings are provided through the chimney shell at 
the bottom of the lining having an area in square feet numerically equal to two-thirds the inside diameter in feet 
of the chimney shell at the top of the lining. Local obstructions in the air space between the lining and the chimney 
shell shall not restrict the area of the air space at any horizontal section to less than that specified for air inlet at 
the bottom of the lining 

Corbel supported full height linings should be arranged to allow for expansion and to protect adequately the 
concrete of the corbel and the chimney shell against corrosion from chimney gases 

Where a self-supporting or corbel supported partial height lining is used, the height to which the lining is carried 
should be determined on the basis of the temperature stresses in the chimney shell and protection against corrosion 
of the concrete rather than on the basis that the temperature of the gas materially decreases as it passes up the 
chimney. Attention is called to a number of tests which have been made on chimneys in service (See ‘Report of 
Tests Made to Determine the Temperatures in Reinforced Concrete Chimneys,” ACI Proceedings, V. 21, 1925, p 
204; “Outline of Tests on 300-ft Reinforced Concrete Chimney,"’ ACI Proceedings, V. 22, 1926, p. 350; and ‘‘ Report 
of Testa on 300-ft Reinforced Concrete Chimney,"’ ACI Proceedings, V. 23, 1927, p. 109) which show that the drop 
in temperature of the chimney gas between the entering point and the top of the chimney is relatively slight. 
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3. For lined chimneys with unventilated air space between the lining and 
shell: 
Dri T T. 
Caii «eh hm .a&. B& 


+ 


gle aaa , oo ~- rT 
K, CD, K,D, CD, K2Deo 


(21c) 


4. For lined chimneys with a ventilated air space between the lining and 
shell: 
(Dy T -—T. 


CD 1 Dy Du Dy; Dy 
a . - = r= + — 
r4K, rf Dy, KD, ( Pim KD... 


Where 
r, = Ratio of heat transmission through chimney shell to heat transmission through 
lining for chimneys with ventilated air spaces 
t = Thickness of concrete shell, in. 
t, = Thickness of air space or insulation, in. 
Thickness of lining, in. 
T Maximum temperature of gas inside chimney, deg F 
7, = Minimum temperature of outside air surrounding chimney, deg F 
C,. = Coefficient ot thermal conductivity of the concrete of chimney shell, Btu per sq 
ft per in. of thickness per hour per deg difference in temperature 
C, = Coefficient of thermal conductivity of chimney lining, Btu per sq ft per in. of thick- 
ness per hour per deg difference in temperature 
C, = Coefficient of thermal conductivity of insulation between lining and shell, Btu 
per sq ft per in. of thickness per hour per deg difference in temperature 
K, = Coefficient of heat transmission from gas to inner surface of chimney lining when 
chimney is lined, or to inner surface of chimney shell when chimney is unlined, 
Btu per sq ft per hour per deg difference in temperature 
K, = Coefficient of heat transmission from outside surface of chimney shell to surround- 
ing air, Btu per sq ft per hour per deg difference in temperature 
| Coefficient of heat transfer by radiation between outside surface of lining and in- 
side surface of concrete chimney shell, Btu per sq ft per hour per deg difference in 
temperature 
K, = Coefficient of heat transfer between outside surface of lining and inside surface of 
shell for chimneys with ventilated air spaces, Btu per sq ft per hour per deg differ- 
ence in temperature 
Dy = Inside diameter of lining, ft 
D, Mean diameter of lining, ft 
dD, Mean diameter of space between lining and shell, ft 
Da Inside diameter of concrete chimney shell, ft 
dD, Mean diameter of concrete chimnev shell, ft 
De Outside diameter of concrete chimney shell, ft 


407—Vertical stresses in steel due to temperature 


(a) The maximum stress in psi in the vertical temperature reinforcement, 
Ssrv, shall be computed by Eq. (26): 

Ssrv L (z k) TH. (26) 
Where 


E, = Modulus of elasticity of the reinforcement, psi, and other notations are as given 


heretofore. 
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(b) Vertical reinforcement shall be not less than 0.25 percent of the con- 
crete area at the section under consideration, and reinforcing bars shall be 
not less than |4 in. diameter and spaced not over 12 in. on centers. 


408—Combined stresses due to wind, dead loads, and temperature or due to earthquake, dead 
loads, and temperature 


(a) The maximum stress in psi in the concrete, due to the combined effect 
of wind, dead loads and temperature, f” cwcom, Occurring at the inside of 
chimney shell on the leeward side of the chimney shall be computed by Eq. 
(30) and (41): 

1. When k.om, is equal to or less than unity: 


pvr x 

f” é SV erv k, ym) 
J tw-comb 
h 


2. When k.om. is equal to or greater than unity: 


‘a f'ew 4 S"crv | 2 pnz + I 
k 2 (1 + pn) 


/ 


pr \/ pn (pn ? 2z) + 2k (1 + pn) i = 


Where 


Keomb Ratio of distance between inner surface of the chimney shell and the neutral sur- 
face resulting from combined wind, dead loads and temperature, to the total shell 
thickness, ¢ 

tan Value determined heretofore from Eq. (14) where there are no openings or from 
Keg. (13) where there are openings in the chimney shell 

Sf" ery Value determined heretofore from Eq. (24) 

k Value determined heretofore from Eq. (28) 

p, n and z are as heretofore defined 


(b) The maximum stress, in psi, in the vertical reinforcement due to the 
combined effect of wind, dead loads and temperature, fwcom, Occurring on the 
windward side of the chimney shall be computed by Eq. (46) 


fsrv 


z+ pn pn (pn + 22) 2 pn (z k) , 
2 k | | Isrv 
Where 


Sew Value determined, heretofore from Eq. (20) where there are no openings or from 
Iq. (19) where there are openings in the chimney shell 

Ssrv Value determined heretofore from Eq. (26) 

Other notations are given under (a) 


(c) The maximum stresses in the concrete and the vertical reinforcement 
due to the combined effect of earthquake, dead loads and temperature de- 
noted by f’ cecom) ANd fee com Shall be determined from Eq. (30) or (41) and 
from Eq. (46) in exactly the same manner as the combined stresses due to 
wind, dead loads, and temperature, using f’.. for f’.. and f,, for fw. 
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409—Circumferential stresses due to temperature 
(a) The maximum circumferential stress, in psi, in the concrete due to 
temperature, f’erc, occurring at the inside of the chimney shell shall be com- 
puted by Eq. (47): 
S"cre = Lk' TLE , (47) 
Where 
k’ pn ry pn (pn + 22’) ' =i (50) 
Fe Value determined for vertical temperature stresses 
Ratio of the cross sectional area of the circumferential reinforcing steel per unit 
of height to the cross sectional area of the chimney shell per unit of height 
fatio of the distance between the inner surface of the chimney shell and the cir 
cumferential reinforcing steel to the total shell thickness ¢ 
All other notations are the same as for vertical stresses due to temperature 
(b) The maximum stress in psi in the circumferential reinforcement fgrc 
due to temperature shall be computed by Eq. (48): 
S sre L (z’ k’)  - E, (48) 
(c) The circumferential reinforcement shall be not less than 0.2 sq in. per ft 
of height and not less than 0.20 percent of the concrete area at the section under 
consideration and the reinforcement shall be spaced not further apart than 
the shell thickness, and in any event not more than 12 in. The minimum 


diameter of circumferential reinforcing bars shall be #< in 


SECTION 5—ALLOWABLE STRESSES 
500—Concrete 


(a) Where f.’ equals the compressive strength of the concrete in the chim- 
ney shell at the age of 28 days based on tests of cylinders made and tested in 
accordance with the American Concrete Institute “Building Code Require- 
ments for Reinforced Concrete” (ACI 318), stresses in the concrete of the 
chimney shell shall not exceed the following: 

few a8 computed by Eq. (15) or (17) shall not exceed 0.25 f,’ 
as computed by Eq. (15) or (17) shall not exceed 0.375 f,’ 

y as computed by Iq. (24) shall not exceed 0.4 f,’ 
u-comh 48 Computed by Eq. (30) or (41) shall not exceed 0.67 f,’ 


1 
o-coms 28 computed by Iq (30) or (41) shall not exceed 0.67 f,’ 
re as computed by Eq. (47) shall not exceed 0.4 f,’ 


for 

sf’ ( 
” 
a 
fe 


501—Reinforcement 
(a) Allowable stresses in the reinforcement shall not exceed the following: 
Seo a8 computed by Eq. (19) or (20) shall not exceed 12,500 psi 
f,. as computed by Eq. (19) or (20) shall not exceed 15,000 psi 
Ssry a8 computed by Eq. (26) shall not exceed 20,000 psi 
Sew-comp 28 Computed by Eq. (46) shall not exceed 27,000 psi 
See-com 48 Computed by Eq. (46) shall not exceed 27,000 psi 
S sre as computed by hq (48) shall not exceed 20,000 ps 


SECTION 6—CONSTRUCTION 
600—General 
(a) Concrete quality, methods of determining strength of conerete, field 
tests, concrete proportions and consistency, mixing and placing, and forms 
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and details of construction shall be in accordance with the American Concrete 
Institute “Building Code Requirements for Reinforced Concrete” (ACI 318) 
where applicable except as specified otherwise. 


601—Concrete quality 


(a) No concrete used in the construction of a reinforced concrete chimney 
shall have a water content exceeding 6 gal. per sack of cement. 


602—Field tests 


(a) One set of test specimens consisting of four cylinders shall be made of 
concrete placed in the chimney foundation, one of these specimens being 
broken at 7 days’ age, and three at 28 days’ age. One set of four specimens 
shall be made of the concrete placed in each of the first two lifts of the chimney 
shell, one being broken at 7 days’ age and three at 28 days’ age. One set of 
at least three specimens shall be made for at least every third lift of the chimney 
shell, to be broken at 28 days’ age. 

(b) The age at the time of testing is based on using any cement other than 
Type IIL. If Type ILL cement is used the tests shall be made at the ages of 
3 days and 7 days, respectively. 

(c) The proportions and water content may be modified, within the specifi- 
cation limits, to give the desired workability and strength on the basis of 
the field tests and subject to the approval of the engineer in charge. 


(d) The making and testing of field test specimens shall be performed by 
competent experienced personnel. 


603—Forms and details of construction 


(a) Forms for the chimney shell may be of metal or wood. If unlined wood 
forms are used, they shall be of selected material with tongue-and-groove 
joints and shall be kept continuously wet to prevent shrinking and warping 
due to exposure to the elements. 

(b) Circumferential reinforcement shall be securely wired or welded to the 
vertical bars. Particular attention shall be paid to stretching and securing 
the circumferential reinforcement so that it can not bulge or be displaced 
during the placing and working of the concrete so as to result in less than the 
specified minimum concrete covering over this reinforcement. 

(c) Lightning protection is covered under paragraph 704. Adequately 
wiring the reinforcing bars where spliced shall be considered as electrical 
bonding between bars. 

(d) Vertical reinforcement projecting above the forms for the chimney 
shell shall be so supported as to prevent the breaking of the bond between the 
reinforcement and the freshly placed concrete. 

(e) In the chimney shell no vertical construction joints shall be used and 
horizontal construction joints shall be maintained at approximately uniform 
spacing throughout the height of the chimney. If forms for the chimney 
shell are removed and reset each day, the height of any section shall not 
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exceed 10 ft. Under ::o circumstances, however, shall the point of discharge 
of the concrete into the forms be more than 5 ft above the concrete surface 
on which it is to be deposited. 


(f) Concrete made with any portland cement other than Type III shall 
be maintained in a moist condition for at least the first seven days after 
placing. Concrete made with Type III cement shall be so maintained for at 
least the first three days after placing. The curing of the concrete shall be 
accomplished by circumferential perforated water pipes suspended from the 
bottoms of the forms for the chimney shell, the amount of water supplied 
being carefully regulated to avoid erosion of the upper sections of recently 


placed concrete and at the same time providing sufficient water to flow down 
and dampen the entire outer and inner surfaces of the chimney below the 


section under construction, or other approved method to accomplish an 
equivalent result. 


(g) Particular attention must be given to concrete placement because of the 
narrow form section and the presence of reinforcing steel. Compaction, 
distribution in the forms, and removal of air and water at the form surface 
shall be by spading. All hardened concrete surfaces shall be cleaned of 
laitance and dirt, moistened and coated with neat cement grout before place- 
ment of new concrete. Reinforcing bars shall be free of hardened concrete, 
grease, dust, and loose rust before concrete is placed around them. 


SECTION 7—CHIMNEY ACCESSORIES 

700—Chimney caps 

(a) The top of the chimney shell and the top of full height linings shall be 
protected with suitable caps.* The caps shall, be of cast iron for the usual 
operating conditions, but chimneys handling extremely corrosive gases shall 
be protected with alloy metal caps resistant to the particular gases. The 
caps shall be designed to allow for circumferential and vertical expansion of 
the lining and chimney shell and circumferential expansion of the caps them- 
selves. U>iess otherwise specified, the caps shall slope toward the inside of 
the chimney at approximately 30 deg with the horizontal, so that acid and 
soot deposits on the caps will tend to slide into the chimney. All sections of 
thin metal caps shall be securely anchored in place with corrosion resistant 
anchors. 


701—Ormnamental heads 


(a) Beeause ornamental heads create concentrations of stress and are 
prone to acid attack, their use is discouraged. t 


*The action of the acids from the flue gases is often most active on the concrete near the top of the chimney where 
downdraft outside tends to permit attack on the outside of the shell his is particularly pronounced on horizontal 
or nearly horizontal surfaces. Where acid action is expected to be severe the use of materials especially resistant 
to acid action should be considered, even though full height linings are provided, Protective coatings on the in 
side and outside of the shell may prove helpful in delaying acid attack 

tFrom a study of the temperature gradient through the concrete and the stresses resulting therefrom, it is ap 
parent that abrupt changes in the thickness of the concrete shell tend to set up important stresses both vertically 
and circumferentially at the junction between relatively thick and thin portions of the shell, due to the effects of 
temperature 
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702—Linings* 
(a) The concrete chimney shell shall be lined wherever necessary to: 


1. Bring the stresses in the concrete or reinforcement within the allowable 
limits heretofore specified. 


2. Protect the concrete from the abrasive action of direct impingement of 


the chimney gases as for example opposite flue openings in the chimney shell. 


3. Protect the concrete from the action of corrosive or destructive gases. 


(b) Linings shall be constructed of materials suitable to withstand the 
conditions to which they will be subjected. Provisions shall be made so 
that the lining can expand both circumferentially and vertically without 
producing stress in the concrete chimney shell due to the expansion of the 
lining. For chimneys with independent lining, the clearance at the top be- 
tween lining and shell shall be sufficient to provide clearance for chimney 
sway and not less than 4 in. At the bottom the clearance between lining and 
shell shall be not less than 12 in. to permit inspection. 


(c) Where linings are supported on concrete corbels cast integrally with 


the shell, these corbels shall be slotted vertically for their full depth on ap- 


proximately 3 ft centers to reduce the effect of temperature stresses set up by 
the sudden change in shell thickness. Corbels shall be adequately reinforced 
and the effect of their eccentric loading considered in the design of the concrete 
and reinforcement in the chimney shell. 


703—Protection for foundations or floors 

(a) In chimneys conducting heated gases, consideration shall be given to 
the protection against the radiant heat of the gases for any part of the foun- 
dation which is exposed within the chimney and concrete floors either at the 
base of the chimneys or supported from the chimney column. t 


704—Lightning protection 
protection in accordance with the latest revision of the “Code for Protec- 
tion Against Lightning,” as approved by the American Standards Assn. 


(a) Every concrete chimney shall have a complete system of lightning 


*The type of lining selected for a chimney is of the utmost importance. Linings may be classified as (a) in- 
dependent full height lining, (b) corbel-supported full height lining, (¢) independent partial lining, and (d) corbel 
supported partial lining 

The space between the lining and chimney shell may be filled with an insulating medium, be a confined air space 
or arranged to permit ventilation through the air space 

As the temperature of the exhaust gases from fuel consuming boilers has been lowered, due to the introduction 
of heat saving devices, and as the use of oils and other high sulfur fuels has increased, the destructive hazards to 
conerete chimney shells due to condensation of moisture carrying corrosive chemicals have greatly increased. For 
this reason the installation of linings for protection from this hazard has become increasingly important 

The same trend has made it more important to use full height protective linings as the corrosiveaction is usually 
greater near the tops of chimneys where concrete thickness is the smallest and the greatest effect due to rain entering 
the top is likely to oecur 

tit has been demonstrated that radiated heat from gases causes high temperatures at top surface of foundation 
or floor if not insulated. Even in modern power plants with moderate flue gas temperatures, this radiant heat may 
be sufficient to crack the chimney foundation or floor although flue openings enter the chimney an appreciable 
distance above the foundation. 

A satisfactory protection for the foundation or floor is a ventilated insulation in the form of hollow tile covered 
with insulating brick or fire brick depending upon the temperature involved, with the voids of the hollow tile 
communicating directly to the atmosphere by means of air ducts when the chimney is lined or by openings in the 
shell when the chimney is unlined 
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7105—Access ladder 
(a) Suitable means shall be provided for access to the top of the chimney.* 


706—Clean-out door 

(a) A suitable clean-out door shall be provided at the base of the chimney 
to permit removal of soot and to permit inspection of the inside of the chimney. 
If the chimney has self-supporting lining two clean-out doors shall be pro- 
vided, one for the chimney shell and one for the lining. 


707—Openings in chimney shell 

(a) Particular attention shall be given to the reinforcement at openings 
in the chimney shell such as required for flues and clean-out doors. 

(b) In addition to the reinforcement determined by the stability and 
temperature formulas, extra reinforcement shall be provided at the sides, 
bottom, top and corners of these openings as hereinafter specified. This 
extra reinforcement shall be placed near the outside surface of the chimney 
shell as close to the opening as proper spacing of bars will permit. Unless 
otherwise specified, all extra reinforcement shall extend past the opening 
a sufficient distance to develop the bars in bond. : 

(c) At each side of the opening, the additional vertical reinforcement 
shall have a total area equal to established design reinforcement for one- 
half of the width of the opening. 

(d) At both the top and bottom of the opening, the additional circumfer- 
ential reinforcement shall have an area equal to one-half the established 
design circumferential reinforcement interrupted by the opening. One-half 
of this extra reinforcement shall extend completely around the circumference 
of the chimney, and the other half shall extend past the opening a sufficient 
distance to develop the bars in bond. 

(e) At each corner of the opening, diagonal reinforcement shall have a 
combined cross-sectional area in square inches of not less than one-tenth of 
the shell thickness in inches. 

(f) Buttress walls shall not be incorporated in the design of the reinforced 
concrete chimney shell at openings. (See second footnote p. 13) 


SECTION 8—SOLUTION OF EQUATIONS FOR STRESSES 
DUE TO DEAD LOAD AND WIND 


800—CURVES FOR THE SOLUTION OF EQUATIONS 

(a) There follows a series of curves for the solution of the equations given 
earlier for determination of the stresses due to wind and dead loads. The 
curves consist of four series: Series 1, Fig. 1 to 4, inclusive, wheren = E,/E, 
8 and B = 0°, 20°, 25°, and 30°, respectively; Series 2, Fig. 5 to 8, inclusive, 


*The necessity of ascending a reinforced concrete chimney is infrequent. However, the possibility of necessary 
repairs to the lightning protection system, the desirabiliiy of inspection at times, and similar reasons make it ad 
visable to provide a means of access to the top of the chimney. Where a standard ladder is provided, it is required 
by law in many places and advisable as a safety measure to construct on the ladder a series of enclosing rings or a 
continuous cage. This type of access requires periodic painting and maintenance if it is to be kept in a safe condi- 
tion. For most conditions, it is suggested that scaling rungs consisting of %-in. bronze rungs or equivalent about 
12 in. wide, projecting about 6 in. from the outside of the chimney shell, be built into the chimney at intervals of 
form height but not exceeding 10 ft This construction is practically permanent, requires no maintenance and 
can be ascended in a short time by an experienced steeple jack using small scaling ladders, at the infrequent in- 
tervals when access to the top of the chimney is required. Scaling rungs of this type do not offer a means of access 
to regular employees or unauthorized persons and therefore do not constitute a hazard to the owner 
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where n = E,/E, = 10 and B = 0°, 20°, 25°, and 30°, respectively; Series 3, 
Fig. 9 to 12, inclusive, wheren = 12 and 8 = 0°, 20°, 25° and 30°, respectively ; 
and Series 4, Fig. 13 to 16, inclusive, consists of curves which plot the trigo- 
nometric functions occurring in the formulas for stresses due to wind and 
dead loads and simplify the solution of these formulas where B = 0°, 20°, 25° 
and 30°, respectively. 

(b) The curves of Series 1, 2, and 3 are used to determine the values of «. 
The curves of Series 4 are merely a convenience to simplify the numerical work 


, 


of substituting in the formulas given in the specification. The curves of 


Series 4 may be disregarded if desired and « having been determined from the 
proper curves of Series 1, 2, or 3, the stresses due to dead load and wind 
may be determined by direct substitution in the formulas given in the specifi- 
cation. 


801—Procedure 

(a) In general the procedure is as follows: 

1. Compute the bending moment, M, due to wind above the section under considera- 
tion 

2. Compute the dead load, W, of the chimney above the section under consideration. 

3. Determine e = M/W 

4. Determine e/r 

5. Compute p at the section under consideration. 

6. Select the value of n E/E, for the materials to be used. 

7. Case 1— Where there are no openings in the chimney shell, 8 = 0. Then 
from the curves for 6 = 0, Fig. 1, 5, or 9 corresponding to the selected value 
of n, determine «. 

8. Case /—-With this value of «, from Fig. 13 read A, B, C, and D and 
from the shortened equations given in this figure determine f’ ew, few, and fw. 
Note that these equations are the same as Eq. (14), (17), and (20) of Section 4 
where A = 1—cos «; B =sin« — «cos«; C = xcos«; and D = (1 + cos 
«)/(1 cos «). (Note « is in radians to evaluate « cos « .) 

7. Case 2—Where a single opening occurs or two openings occur dia- 
metrically opposite each other in the section under consideration determine 
8 = one-half the central angle subtended by the opening as a chord on the 
circle of radius r (mean radius of the chimney shell). For two openings 
diametricallyop posite use the larger opening in determining 8. Then from the 
curves corresponding to this value of 8 and the proper value of n, determine «. 

8. Case 2—With this value of «, from Fig 14, 15, or 16 corresponding to 
the value of 8, read A, B, C, D, BE, and F and from the shortened equations 
given determine f' ew, few and fav. Note that these equations are the same as 
Iq. (13), (15), and (19) of Section 4 where A = cos B — cos «; B = sine 

-acos«; ( = #r cos«; D = (1 + cos«)/(cos B—cos«); E = sinB — B 
cos «; and F = cos B (cos B — cos «). (Note « and 6 are in radians to 
evaluate « cos « and B cos «.) 

7. Case 3—Where 8B lies between values for which curves have been plotted 
as for example 8 = 23° determine « from the curves for 8 = 20° and « from 


the curves for 8 = 25° and interpolate. 
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APPENDiX 1—DERIVATION OF EQUATIONS 


EQUATIONS FOR STRESS DUE TO WIND AND DEAD LOAD 
Notation 


Mean radius of concrete shell, in. Sus Maximum tensile stress in the reinfore- 
Thickness of concrete shell, in. ing steel, psi 

Weight of chimney above section under — . Maximum compressive stress in the 
consideration, lb concrete at the outside of the chimney 


Moment due to wind at section under shell, psi 
consideration, in.-Ib Maximum compressive stress in the 


Resultant of W and wind pressure concrete at the center of the chimney 
M/W Kecentricity of R measured shell, psi 


pay . Maximum compressive stress in the 
from center of chimney, in. 


concrete at the inside of the chimne 
Area of concrete shell at section, sq in. : 5 
; ' shell, psi 
Area of vertical reinforcing steel at oe pe ; 
= Total compressive force in the concrete, 
lb 
Moment of P about the neutral axis, 


in.-lb 


section, sq in. 

A,/Ae 

tatio of moduli of elasticity, steel to 
concrete Total compressive force in the rein- 
One half the central angle subtended by forcing steel, Ib 
the neutral axis, (7.¢., axis of zero stress) Moment of q about the neutral axis, 
in.-lb 

One half the central angle subtended by ’ Total tensile force in the reinforcing 
the opening as a chord on the circle of steel, Ib 


as a chord on the circle of radius r 


radius r } Moment of S about the neutral axis, 
0 A variable function of « in.-lb 


Assumptions 

In addition to the assumptions customarily made for the design of reinforced concrete mem- 
bers, the two following assumptions are made: 

(a) The reinforcing steel is replaced by a continuous steel shell of equivalent area 

(b) The reinforcing steel is located on the mean circumference of the concrete shell 

Assumption (a) involves no appreciable error and assumption (b) is on the side of safety 
since the reinforcing steel is usually placed nearer the outer surface of the chimney shell where 
it is more effective in resisting stress due to bending. 
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Fig. 18—Cross section of typical chimney 





REINFORCED CONCRETE CHIMNEYS 35 
Derivation 


From the fundamental theorems for equilibrium applied to all forces including the forces 
acting on that part of the chimney above the cross section under consideration: 
The summation of the vertical forces must be equal to zero, or 
W=P+4q S = ee gee ee ‘ Sia ale ee ad ale teu (1) 
and the summation of the moments of ali forces about any line must be equal to zero, wl 
taking moments about the neutral axis, 


M — Wreos « = W (e r Cos a P’ 4 


ence 


Oa «i wa lh ee 
Now, considering any small radial element of the chimney shell s 
the center of the section, we have: 
The area of the element = r dét 


ubtending an angle dé at 


The distance of the element from the neutral axis r (cos @ cos «), and since the 
stress in any element is proportional to its distance from the neutral axis, the average stress 
in the element is 

S'cw (r cos 0 rcos «) Sew (Cos 6 cos «) 

r cos Bp rcos « cos 8 cos « 


from which the total compressive force in the concrete, 


“x few (COs 0 cos «)rtdé 
P=2]/ ° 
B cos g COs « 


Integrating, 
. sin « sin B « cos « + 
P = Wa £ 


cos Bp COB « 


"x flew» (cos 0 cos «)* r2¢ dé 
And pi =2 {os — eed ahh 
B cos Bp COs « 


Integrating, 


cos COB « 


’ ’ . B—3 sin « cos ¢ —sin 8 cos 8B +4 sin 8 cos « +2(a B) cos’ a 
r Suart 


Now, substituting pt for ¢ and (n 1) f' ie for f'ew in Eq. (3), we have 
? sin « sin 6 « cos « + 8 cosa 
q 2(n 1) f'eur pt 


cos cos @ 
Similarly, substituting pt for ¢ and (n 1) f'cw for f’ew in Eq. (4), 


‘ 


q' = (n—1) f'ewr? pt _ 


B—Ssin «cos « —sin 8B cos 8 +4 sin 8 cos « +2( « B) cos? « f 

cos 8 COB @ (6) 
Next, considering any small radial element of reinforcing steel in tension, lying therefore 

below the neutral axis (Fig. 18), subtending an angle dé at the center of section, we have 


The area of the element = r dé p t, and its distance from the neutral axis = r (cos « cos 0) 


1, . , r cos « r cos 6 COs « cos 6 
Ihe unit stress in the element = frye} - . 
r+rcos « 1 + cos « 


But from similar triangles, Fig. 18, 


ri. r cos 8 r cos « 
, or 
Jee r+17cos @ 


n 
n f'ew (1 + cos «) 


Soe = eaten tae 


cos 8B — cos « 


Substituting this value above, we have the stress in the element of reinforcing steel in 


tension = 
1 f' cw (COB « cos 6) 


cos 8 cos « 
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Whence the total tensile force, 


S = 2 x " Sew (cos ~d o- ar pt d6 
« cos B — coB « 


Integrating, 
g 21 f'ewt pl (x cos « « cos « + sin «) 
‘ cos B COB « 
Similarly, 
rT ’ 
nN f' ew (COB « cos 0)? r? pt dé 
Ss’ = 2 f ”) I 


o cos B cos « 


Integrating, 
a : 2x cos? « — 2 « cos? « + 38in « cos « +7 a 
S’=nf' eur? pt | - : “i sian . (8) 


cos Bp cos «= 
Now, substituting the values of /, q, and S from Eq. (3), (5), and (7) in Eq. (1), we have 
W = 2f'crt ts p) (sin« — « cos«) — (1 — p + np) (sing - B cos «) — np x cos « | (9) 


cos Bp COB « 
Similarly, substituting the values of 1’’, q’, and S’ from Eq. (4), (6), and (8) in Eq. (2), we 
have 
W (e — rcos «) 


cos cos « 


fia t* f oa r 
—— — (1 p) (« 3 sin « cos « +2 « cos? «) (1 p + np) 


(6B + sin 6 cos B 4sin 8 cos « + 28 cos? «) + np x (2 cos? « 4 » | 


Dividing Eq. (10) by Eq. (9), we have 
e (1—p) (« —sin« cos«) —(1—p-+np) (8+sin B cos B—2 sin 8 cos «)+npx 
r 2((1 — p)(sin « «cos «)—(1 p + np)(sin 8—B cos «) — np x cos « | 
When there is no flue opening, 8 = 0 and Eq. (11) becomes 
e (i p) (« sin«=cos«) + npr 
r 2((1 — p) (sin« — «cos«) — np xcos«| ’ 
Solving Eq. (9) for f’ew 
W (cos B — cos «) 
Ort te p) (sin « — « cos «)—(l—p-+np) (sin B —8cos « ) —npreos « | 


er 
>. 


When there is no flue opening, 8 = 0 and Eq. (13) becomes 
W (1 — cosa) 

fu* . -.. (14) 

2re{(l p) (sin« — «cos«) — np xr cos«| 


Since the unit stress in any element of the chimney shell is proportional to its distance from 
the neutral axis, we have from Fig. 19 
t 
Sou r cos B rcos« + 2 cos B 
, 


ow r cos p Tr COS & 


Or, 


t 
Joo = Sie [ 2 r cos B (cos 8B — cos « 5 
And, 
t «os rcos 8 —rcos « 
Se rcos8 —rcos « — t 


2 cos B 
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Fig. 19—Partial section of chimney 














Or, 


t 
I" os Soot 1 _ 
2 r cos B (cos B cos «) 


When there is no flue opening, 8 = 0 and Eq. (15) and (16) become 


t 
™ a 1 + 
f | 2ri(l cos « 5 
a f’ 1 t 
cu cu 2 r (1 COs « ) 


From similar triangles (Fig. 18) 
T ea rcos g rcos «a 


- r+ rcos « 


i 1 + cos «a 
, 
IT ow 
cos Bp cos «= 


Which, when there is no flue opening and 8 = 0, becomes 


, £ + COS « 
fow 2S ou (20) 


Ut 


Or, 


] cos « 





i. 


Now, Eq. (11) cannot be readily solved for « . However, by assuming definite values for 
n and 8, a series of curves may be plotted from which the value of « for varying values of 
e/r and p may be read directly. One set of curves for 8 = 0 will serve to solve all sections 
where there is no flue opening. In general, the value of 6 lies between 20° and 30°. If there 
are plotted four series of curves for «, series 1, 6B 0, series 2, 6 20°, series 3, B 25°, 
and series 4, 8 30°, interpolation of these curves will give the solution of all ordinary chim- 
neys. 

The design of a chimney must be by trial and analysis. For a particular section e/r is 
known, and for the trial value of p, « is determined from the curves. Having the value of «, 
the value of f’e. is determined from Eq. (13); the value f... from Eq. (15); the value of f’’.. 
from Kq. (16); and the value f,. from Eq. (19). The value thus found for f’.. and fa. must be 
combined properly with the stresses due to temperature to obtain the maximum values for the 
stress in the concrete and reinforcement. 

See later sections for determination of vertical stresses due to temperature and for derivation 
of equations for combining stresses due to temperature with f’.. and f.. determined above. 
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EQUATIONS FOR TEMPERATURE GRADIENT THROUGH 
CHIMNEY SHELL 


Notation 


Thickness of concrete shell, in. 

= Thickness of air space or insulation, in. 
Thickness of lining, in. 

Maximum temperature of gas inside 
chimney, deg F 

Minimum temperature of outside air 
surrounding chimney, deg F 
Temperature of inside 
chimney lining, deg F 
Temperature of outside surface of 
chimney lining, deg F 

Temperature of inside surface of con- 
crete shell, deg F 


surface of 


= Temperature of outside surface of con- 


crete shell, deg F 

T, -T, 

Heat transfer from flue gas to inside 
surface of lining or to inside surface of 
chimney shell when no lining is used, 
Btu per sq ft of inside surface per hour 
Ratio of heat transmission through 
chimney shell to heat transmission 
through lining for chimneys with venti- 
lated air spaces 

Coefficient of thermal conductivity of 
concrete of chimney shell, Btu per sq 
ft per in. of thickness per hour per deg 
difference in temperature 

Coefficient of thermal conductivity of 
lining, Btu per sq ft per in. of thickness 
per hour per deg difference in tem- 
perature 

Coefficient of thermal conductivity of 
insulation between lining and shell, 
Btu per sq ft per in. of thickness per 
hour per deg difference in temperature 








K, 


= Coefficient of heat transmission from 


gas to inner surface of the chimney 
lining when chimney is lined or to the 
inner surface of chimney shell when 
chimney is unlined, Btu per sq ft per 
hour per deg difference in temperature 
Coefficient of heat transmission from 
outside surface of chimney shell to 
surrounding air, Btu per sq ft per hour 
per deg difference in temperature 
Coefficient of heat transfer by radia- 
tion between outside surface of lining 
and inside surface of concrete chimney 
shell, Btu per sq ft per hour per deg 
difference in temperature 


= Coefficient of heat transfer between 


outside surface of lining and inside 
surface of shell for chimneys with 
ventilated air spaces, Btu per sq ft 
per hour per deg difference in tem- 
perature. (This factor 
account transfer by radiation, return 


takes into 


of heat from chimney shell to air in 
space and effect of relative rate of heat 
transfer through lining and shell.) 
Inside diameter of lining, ft 

Mean diameter of lining, ft 


= Outside diameter of lining, ft 


Mean diameter of space between lin- 
ing and shell, ft 


: Inside diameter of concrete chimney 


shell, ft 


= Mean diameter of concrete chimney 


shell, ft 
Outside diameter of concrete chimney 


shell, ft 


Fig. 20—Temperature gradient through lining 
and chimney 
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In all of the cases hereinafter considered it is obvious that the areas through which heat is 
transmitted are direetly proportional to the diameters so that the diameters are used in the 
formulas to represent the areas in their effect on heat transmission. 

Case 1—Chimneys without lining 

Since in this case all of the heat transmitted from the flue gas to the chimney shell is carried 

through the shell to the outer surface. 


; C, D. 
Q = K; (T —T7;) (7; 


From above 7’ 


Since 7’ i 


i th 


Case 2—Lined chimneys with insulation completely filling the space between lining and shell 
Since in this case all of the heat transmitted from the flue gas to the chimney lining is carried 
through the lining, insulated space and chimney shell 
@<K, (7-7) - C= - M0 2 -Fd 
ty Dui te Dy t Dy 
By addition and substitution similar to the derivation in Case 1 the following equation can 
be derived: 
(Doi i 7 
C. D. ty Dui. te Dos tDyi Diy 


+ + 


Ki Cs A’Ga 6A  £.a. 


(21b) 


Case 3—Lined chimneys with unventilated air space between lining and shell 
Since in this case all of the heat transmitted from the flue gas to the chimney lining is carried 


through the lining, air space and chimney shell: 


Q=K, (T—T;) os Dor, T:) — da (T,— T's) ae (1; — 7s) <n (T's 
tp Dix Dy (Drs Dy 
By addition and substitution similar to the derivation in Case 1 the following equation can 
be derived: 
(Dr y 
C. De} 1 lo Du . De 


4 


Ky Cy Ds K, D, 


T's Ts Ts 


Case 4—Lined chimneys with ventilated air space between lining and shell 
In this case a portion of the heat transmitted through the lining is carried away by the air 
between lining and shell so that by definition the portion of heat transmitted through the 


shell = r, Q 


7. aa ! Ba slats Dd, = K2 Deo , 
q — (7; 4 2 7’; i T's) = (T's 
ty Dix Du Diy 


roQ=r, K, (T—T7)) =r 
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By addition and substitution similar to the derivation in Case | the following equation can 
be derived: 
wo 7. — 7. oe T -T. 
io @ TM — 7s (22) 


C.D, l th Dix Dyas ; (Dix Dy 


+ 


. - ’ r oe T A Tp} 
'q K, 'q C, dD, K, dD, +4 dD. K, .. 


EQUATIONS FOR VERTICAL STRESS DUE TO TEMPERATURE 
Assumptions 


Since the inner and outer parts of the shell of a chimney in service are not equally hot, they 
tend to expand unequally. The inner (hot) part is restrained from expanding freely by the 
outer part and the outer part is stretched by the restrained inner part. At the boundary be- 
tween these parts the elongation due to temperature is unrestrained or free and hence without 
temperature stress. This boundary is a “neutral surface.” It is assumed that the tempera- 
ture gradients through the chimney shell at any particular level are the same for the entire 
circumference so that the original circular form of any cross section is not altered by tempera- 
ture changes. Also that horizontal sections through the unheated chimney are still horizontal 
after heating and that the temperature gradient through the chimney shell is a straight line. 
The tensile strength of the concrete is neglected. 


Notation 


T's Temperature of the concrete at the ment due to temperature, psi 
Modulus of elasticity of concrete in 
T's Temperature of the concrete at the compression, psi 
temperature reinforcing, deg F j Modulus of elasticity of steel, psi 
Ratio of distance between inner sur- E,/E. 
face of chimney shell and vertical re- Thermal coefficient of expansion of 
inforcement to total shell thickness ¢ concrete and 


neutral surface, deg F 


reinforcing steel as- 
Ratio of distance between inner sur- sumed equal 


face and “neutral surface” to total =. Area of concrete shell at horizontal 
shell thickness ¢ for vertical stresses section under consideration, sq in. 
Compressive vertical stress in the A, Area of vertical reinforcement at hori- 
concrete at the inner surface of the zonital section under consideration, 
chimney shell due to temperature, psi sq in. 
Tensile stress in vertical reinforce- Other notations as given previously. 
Derivations 
Now at the inner surface elongation due to the temperature difference (7'; 
pressed and the stress in the conerete due to suppression 
Sf"oryv = L(T, — Ts) E£. (23) 
But from similar triangles (Pig. 21) 
7's Ts kt - 
or 7; 7, = 67, 
i t 
Substituting in Eq. (23) 
Serv = LET. E. 
At the steel, elongation due to the temperature difference 7’, 
the steel 
Ssri L(T, — 74) E.. (25) 
But from similar triangles, Fig. 21 
7's T's (z k)t 
Te t 
Substituting in Hq. (25) 
S srv L(z—k)T.E, 


7's) is sup- 


(24) 


7. is forced and the stress in 
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Fig. 21—Vertical section through chimney one TF 
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Now the total stress at the section is unchanged by temperature, hence equating the total 
compression to the total tension for a unit of circumference 


V6 f"crv kt = fsarv pt 


Substituting the value of fery from Eq. (24) and fsry from Eq. (26) in Eq. (27) 
14 Ek? p E, (z k) from which 


k pn + vpn (pn + 22) (28) 

For a particular case the values of p, n, z, t, L, E., and FE, are known. The value of 7, is 
determined from Eq. (21) and (22). The value of k can be determined from Eq. (28) and 
with this value, the values of f’ery and fsry determined from Eq. (24) and (26). 

Of necessity the stresses at any horizontal cross section combine with the stresses due to 
dead load and wind. The maximum stress in the vertical reinforcing steel occurs on the wind- 
ward side of the chimney. The maximum stress in the concrete occurs on the leeward side of 
the chimney at the inside of the chimney shell. 


EQUATIONS FOR COMBINING STRESS DUE TO WIND AND DEAD LOAD WITH 
VERTICAL STRESS DUE TO TEMPERATURE 


Notation 


St’ co-comp = Maximum compressive stress in Keom» Ratio of distance between inner 
concrete due to wind and dead surface of chimney shell and neu- 
load combined with temperature, tral surface resulting from com- 
psi bined wind, dead load and tem- 

| Stress in vertical reinforcement perature to total shell thickness ¢ 
due to wind and dead load com- Other notations as given previously. 
bined with temperature, psi 


Of necessity at any horizontal cross seetion the vertical stresses due to temperature as 
determined from the previous section combine with the stresses due to wind and dead load as 
determined from the first section. The maximum combined compressive stress in the concrete 
will occur at the inside of the chimney shell on the leeward side of the chimney and the result- 
ing stress in the vertical reinforcement on the leeward side may be either compressive when 
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Chimney Shell Fig. 22—Stress factors—leeward side of chim- 
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keomp 18 greater than z, or tensile when k..,.) is less than z, in which case this tensile stress is 


not important as the maximum tensile stress in the vertical reinforcement will occur on the 
windward side of the chimney. 

In Fig. 22a is shown the mean compressive stress at the leeward side of the chimney for the 
horizontal section under consideration resulting from wind and dead load. For the purpose 
of combining with temperature stress, the variation of this compressive stress across the 
thickness of the concrete shell as shown in Fig. 19 is neglected and the average stress f’.. at 
the center of the chimney shell is assumed as uniform across the shell thickness ¢. 

In Fig. 22b are shown the stresses f’’ery and fgry produced by a difference of temperature 7, 
between the inner and outer surfaces. Conceive the stress f’.. superimposed on the tempera- 
ture stress diagram, resulting in the combined stresses f/ey-comp ANG frw-coms and a new neutral 
plane determined by the dimension keom. Obviously superimposing the stress f’e. on the 
temperature stress diagram will bring an enlarged area into compression and will reduce 





REINFORCED CONCRETE CHIMNEYS 43 


the tensile stress in the reinforcement on the leeward side of the chimney. It is assumed 
that the slope of the combined stress diagram is parallel to that for temperature only. 

It is apparent that the combined stress f’cwcomsis not equal to few plus f’ery but in general 
will exceed this sum, since only part of the section is available to resist the superimposed stress 
f'ew: Once keomp becomes equal to or greater than unity further increments of f’.. result in 
equivalent increments of f’ cw-com»- 

Now the effect of a difference in temperature between the inner and outer surfaces of the 
chimney shell does not change any pre-existing total or resultant stress on any cross section 
of the chimney. It will be assumed that this is true also for unit circumferential lengths of 
section at the lee and windward sides of the chimney. Then, per unit of circumference, the 
total or resultant stress, hereafter called first resultant, on the cross section due to wind and 
dead load must equal the resultant stress, hereafter called second resultant, due to the com- 
bined effect of wind, dead load and temperature. Then for the various positions of the neutral 
surface resulting from the combined effect of wind, dead load and temperature, we have: 


Case 1—Leeward side of chimney, keon» equal to or less than z 

The first resultant (See Fig. 22a) = f’ew [t + (n 1) pt] 

The second resultant (See Fig. 22b) equals the difference between the total combined (wind, 
dead load and temperature) compression and tension, or 

Recut cues mb 
7 2 - PU wo-comd 


a 4 


Then: few [t + (n 1) pt] = - 9 


or: 2f' cue (1 + pn p) Recut J co-coms — 2 Plamrom (29) 


PU on -comb 


From similar triangles (Fig. 22b): 


kt Pits Pics ili 
me ok fo coms cre om (30) 
ke, mb t f cwr-comb k 


st — Keoms t Sew-coms n(z — keoms) Sf’ co-comd ' 
, = OF fennom .. (31) 
Rea l n f cw-comb k omb 


and 


n(z k, eal’ TV 


substituting Eq. (30) in Eq. (31) frw-eoms k 


substituting Eq. (30) and (32) in Eq. (29) and solving: 
i : ; 


/ J ev 
Rosas pn + 4/ p? n* + 2pnz + 2k (1 + pn 9) (33) 
| fers 

If we do not take account of the area of concrete displaced by the reinforcing steel, the error 
involved is not appreciable and Eq. (29) becomes: 

of os (1 + pn) = Keom Sf’ cwcomd ~ 2 Pf momcomb 
and Eq. (33) becomes: 
/ T « 
ait pn + ) pn (pn + 2z) + 2k (1 + pn) = 


cTyV 


With this value of kKeom, the value of f’cw-coms is determined from Eq. (30) 


Case 2—Leeward side of chimney, k..m, equal to or greater than z but equal to or less than unity 
The first resultant as in Case | Sew {t + (n 1) pt] 
The second resultant (see Fig. 23) equals the sum of the combined compression in (part of) 
the concrete and in the reinforcing steel, or: 


Keoms tf” ew-comb k, 
off ~ 4 (nm 1) pl 
2 


Root 
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Fig. 23—Forces acting on chimney—Case 2 























Then: 


Fcomd Uf eu-comb Kkeoms — & | 
tu if + (n 1) pt] 5 t (n 1) pl | " : 
comb 


2p (1 ‘ee 8 
2f'ew (1 + pm p) oe E _ae , P 





veomb 


From similar triangles, Fig. 24, we have as in Case 1: 
kt Serv = Serv Keomp 
” or f”’ w-comb 

Keomp t f cw-comb k 

Substituting Iq. (30) in (35) and solving: 

a p(n 1) + i p* (n 1)? + 2p (n 1)z + 2k (1 + pn p)- <~ . (36) 

| Serv 

If we do not take account of the area of concrete displaced by the reinforcing steel the error 

is small and Iq. (35) becomes: 


‘ rt 2pn (Keom z) 
2f'cw (1 + pn) =f" cu-coms | Keomp + k 


mb 


and Eq. (36) simplifies to: 


few 
Rent pn "| pn (pn + 2z) + 2k (1 4 pn) 


CTV 


which is identical with the value of k.... in Case 1. 


Case 3—Leeward side of chimney, k....» equal to or greater than unity 
The first resultant, as in Case 1 = few [t + (n 1) pt] 
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The second resultant (see Fig. 24) equals the sum of the combined compression in all of 


the concrete and in the reinforcing steel, or: 


| oe hue = 3 keom —2 |, 
9 S'' co-coms + S'cmcoms | t + (n 1) pt i f”" ea~comb 


k, mh 


Then: 
| Kkeoms — 1 keomp —2 
: = S"cw-coms | t+ (n 1) pl : "a 
b ies mb 


S'« [t + (n 1) pt] 2 E ‘ = k, ym 


or: 
Qkheomb 2p (n 1) (Keomp z) 

2S’. s (1 + pr we, T 
Keomb Keomp 


From similar triangles, Fig. 24, we have as in Case 1: 
Serv Keome 


” 
or f ew-comb * 
k 


kt f"or 
Reous t ya 
Substituting Eq. (30) in Eq. (37) we have: 
eS ox ; 2p (n Ibz+1 


Keomb - T 
Serv 2(1 + pn p) 


and from Eq. (30): 
f"crv 2p (n I)z+ 1 

" w-co ‘oo 4 (39 

f a f k 2(1 4+ pn P) ) 


If we do not take account of the area of concrete displaced by the reinforcing steel, the error 


is small, and Eq. (38) becomes: 
; (40) 


k f'n , 2pnz +i 
keoms . 7 T 9 “* 
CTV Al + pn) 





























Fig. 24—Forces acting on chimney—Case 3 
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and Kq. (39) becomes: 


” ’ S"crv 2 pra + I 
Sf" womcom = f' ww k | 20 + pn) 


Case 4—Windward side of chimney 
Here the first resultant = p t few 
The second resultant (see Fig. 25) equals the difference between the total combined (wind, 
dead load and temperature) tension and compression, or 
S\co-comb Keome t 
vt aw-comb 
pt f F 
Then 
k, omb t lie” w-comb 
pl Sue pl Sens omb 9 


k, ymb "on -comb 
Pp luo Pp Jee-comb 9 
2 

From similar triangles (Fig. 25) we find the same relationship as in Case 1, namely: 
Serv Keomp 

k ; 
n (z Roous) f"erv 
Jeoee mb k 


J" cw-comb 


Substituting Eq. (30) and (32) in Eq. (42) and solving: 


CTY 


fave 
Recat pn + / pn (pn + 2 2) 2 kp - 
Vy f 


but from similar triangles (Fig. 25) 
f"erv kt fr k fsrv 
or) crv 
Ssrv zt kt 


n 


n(z — k)- 























Fig. 25—Forces acting on chimney—Case 4 
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Putting Eq. (44) in Eq. (43) 


Keomb — pn + / pn (pn + 22) 2pn (2 — k) —... 
| STV 


and substituting Eq. (44) and (45) in Eq. (32) we have: 


| ; ; 
fom = = “ |: + pn - y/m (pn + 2z) — 2pn (z k , (46) 
2 k _ 


EQUATIONS FOR CIRCUMFERENTIAL STRESS DUE TO TEMPERATURE 
Assumptions 


Assumptions are the same as for vertical stress due to temperature. 


Notation 


Notation for temperature gradient through the chimney shell on any radial line is the same 
as shown in Fig. 21. 
2’ = Ratio of distance between inner surface of chimney shell and circumferential rein- 
forcement to total shell thickness ¢ 
k’ Ratio of distance between inner surface and “neutral surface” to total shell thick- 
ness ¢ for circumferential stresses 
= Compressive circumferential stress in the concrete at the inner surface of the 
chimney shell due to temperature, psi 
Tensile stress in the circumferential reinforcement due to temperature, psi 
E., E., n, L same as for vertical stress due to temperature, psi 
= Ratio of cross sectional area of the circumferential reinforcing steel per unit of 
height of chimney to the cross sectional area of the chimney shell per unit of height 


Derivations 
Just as for vertical stress due to temperature, at the inner surface of the chimney shell, the 


elongation due to the temperature difference 7’; 7’, is suppressed and the stress due to sup- 
pression 


f"cre = LAT; T,) E.= Lk’ T, E. (47) 


Inner Surkace 








Fig. 26—Horizontal section through chimney shell 
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At the circumferential] steel, elongation due to the temperature difference 7’); — 7’, is forced 
and the stress is in the steel. 

Jerveo = L(T, —T) Be = Le’ — kh’) Tz, By... eee. , . .(48) 

Now equating the total compression in the concrete per unit of height to the total tension in 
the circumferential steel per unit of height. 

Y4 f"cere k' t = farc p' t.. 
Substituting the values of {ere from 


k’ = pat vp n(p’n+22').......... nine Oe 

For a particular case the values of p’, n, 2’, t, L, E., and EF, are known. The value of 7, 
can be determined from Eq. (21) and (22). Then the value of k’ can be determined from 
IXq. (50) and with this value, the values of f’erc and fsrc determined from Eq. (47) and (48). 
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SYNOPSIS 


The proportioning of concrete, including mixes containing entrained air 
is set forth in this recommended practice. 


’ 
Tables are provided which, along 
with laboratory tests on physical properties of fine and coarse aggregate, yield 
information rapidly for obtaining concrete proportions. ‘Three examples are 
included in the design of air-entrained and non-air-entrained mixes which 
utilize the tables. Adjustment of aggregate proportions due to moisture 
present in aggregates is illustrated. Laboratory tests are given in the-appendix 
and include those on physical properties of cement and aggregate. Also 
included is a simple method of obtaining mix proportions for the small job 


INTRODUCTION 


Proportions for concrete should be selected to make the most economical 


use of available materials to produce concrete of the required placeability, 
durability, and strength. Basic relationships have been established which 
provide guides in approaching optimum combinations, but final proportions 
should be established by actual trial and adjustment in the field 


Concrete is composed essentially of water, cement, and aggregates. In 
some cases, an admixture is added, generally for the purpose of entraining 


air but sometimes for other reasons. The properties of both aggregates and 


cement have a marked effect on strength and durability of concrete and 


on the amount of mixing water required for its placement. When sources 


of ingredients, type of cement, and quantity of admixture remain the same, 


*Adopted as a Standard of the American Concrete Institute at ite 50th Annual ( 
reported by Committee 613; ratified by Letter Ballot June 1, 1954. ACI 613-54 
June 19045 

Title 51-2 is a part of copyrighted JounnaL or THE Amenican Cone re Inerrrure, V. 26, N 1, Sept. 195 
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This recommended practice applies primarily to monolithic concrete of average densit Light we 
concrete and “‘no-slump”’ concrete for masonry units will be covered in 
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49 





50 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1954 


the quantity of cement, the grading and maximum size of aggregates, and 
the consistency of the concrete can be varied over a wide range without 
materially affecting strength, provided the quality of cement paste as deter- 
mined by the water-cement ratio is maintained constant. 

When sources of ingredients vary, as in the case of aggregates from different 
plants or cements from different mills, concrete strengths may differ ap- 
preciably even though the water-cement ratio is held constant. It is desirable, 
therefore, where the concrete construction is of any magnitude, to make 
laboratory tests in advance to establish the desired proportions. This is 
particularly true where flexural strength is a factor, as in concrete pavement, 
because flexural strength depends greatly on bonding characteristics of the 
coarse aggregate. (See appendix for a suggested outline of tests.) In cases 
where compressive strength only is involved and where it is not practical 
to make laboratory tests of concrete, a reasonably good combination of 
ingredients can be arrived at from a knowledge of the characteristics of the 
aggregates and application of established empirical relationships. However, 
regardless of procedure followed for selecting initial proportions, they will 
usually require adjustment in the field to meet placing requirements. 

Some laboratory data are necessary for estimating proportions from 


established relationships. Sieve analyses, specific gravity, and absorption 


of both fine and coarse aggregate and the rodded unit weight of coarse 
aggregate should be determined. It must be known whether the cement 
is non-air-entraining or air-entraining. The specific gravity of the cement 
also should be known, but generally it will be sufficiently accurate to assign 
a value of 3.15 for this property. In addition, from field determinations or 
otherwise, the total moisture content of each aggregate must be known to 
compute the batch weights for use in the field. 

Purposely entrained air, obtained either by the use of an air-entraining 
cement or an admixture, greatly improves the workability of concrete and 
its resistance to weathering. Strength is sometimes reduced but, when the 
cement content is kept the same as for the corresponding non-air-entrained 
concrete and advantage is taken of the lower water requirements, the re- 
duction is not great and becomes significant only in the range of richer mixes 
containing more than about 6 bags* of cement per cu yd of concrete. For 
lean mixes, containing less than about 4/4 bags of cement per cu yd, strengths 
are generally increased by the entrainment of air in proper amounts. Because 
of its greatly improved resistance to deterioration, air-entrained concrete 
should be used wherever concrete is to be exposed to freezing and thawing, 
to action of salts used for de-icing, or to other destructive weathering agencies 


SELECTING PROPORTIONS 
Concrete should be placed with the minimum quantity of mixing water 
consistent with proper handling, since this will tend to greatly improve its 
strength, durability, and other desirable properties. Proportions should 


*In computations of this report a bag of portland cement weighs 04 lb and a gallon of water weighs S'4 Ib 
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TABLE 1—RECOMMENDED SLUMPS FOR VARIOUS TYPES OF CONSTRUCTION*® 


Slump, in.? 
Types of construction 
Maximum Minimum 
Reinforced foundation walls and footings 
Plain footings, caissons, and substructure walls 
Slabs, beams, and reinforced walls 
Building columns 
Pavements 
Heavy mass construction 


*Adapted from Table 4 of the 1940 Joint Committee Report on Recommended Practice and Standard Specifi 
eations for Concrete and Reinforced Concrete 
tWhen high-frequency vibrators are used, the values given should be reduced about one-third 


be selected to produce concrete: (1) of the stiffest consistency (lowest slump) 
which can be placed efficiently to provide a homogeneous mass; (2) with the 
maximum size of aggregate economically available and consistent with 
satisfactory placement; (3) of adequate durability to withstand satis- 
factorily the weather and other destructive agencies to which it may be 
exposed; and (4) of the strength required to withstand the loads to be im- 
posed without danger of failure. 


Slump and maximum size of aggregate 

Tables 1 and 2 give recommended limitations for slump and maximum size 
of aggregate. As already stated, mixes of the stiffest consistency that can be 
placed efficiently should be used. Over-wet mixes should always be avoided; 
they are difficult to place without segregation and are almost certain to 
result in weak concrete lacking in durability. 

Within limits of economy, the largest permissible maximum size of aggre- 
gate should be used, because the use of larger size aggregate permits a re- 
duction in water and cement requirements. However, the maximum size 
should not be larger than one-fifth of the narrowest dimension between sides 
of forms nor larger than three-fourths of the minimum clear spacing between 
reinforcing bars. Smaller sizes may be used when indicated by availability 
and considerations of economy. 


Estimating total water requirements 


The quantity of water per unit volume of concrete required to produce a 


mix of the desired consistency is influenced by the maximum size, particle 


shape and grading of the aggregate, and by the amount of entrained air. 


TABLE 2—MAXIMUM SIZES OF AGGREGA.*E RECOMMENDED FOR 
VARIOUS TYPES OF CONS: RUCTION 


Maximum size of aggregate,* in 


Minimum Reinforced Heavily Lightly 
dimension of walls, beams, Unreinforced reinforced reinforced or 
section, in and columns walls ! unreinforced slabs 


2! 5 3 Ms 4 “%- 1% 
4 i 

(11 , 144-3 

12 20 o>: A 4 


30 or more 


*Based on square openings 
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TABLE 3—APPROXIMATE MIXING WATER REQUIREMENTS ave DIFFERENT 
SLUMPS AND MAXIMUM SIZES OF AGGREGATES 


Water, gal. per cu yd of concrete for indicated maximum sizes of aggregate 
Slump, in. , 
% in. | 4 in % in. | lin. | 1%in. | 2in. | Bin. 


Non-air-entrained concrete 


lto2 y | 40 37 36 
3to4 j 44 41 39 
6 to7 { 46 | 43 41 
Approximate amount of entrapped < 2.5 | 2 1. 
air in non-air-entrained concrete, 
percent 


| 
Air-entrained concrete 


1 to2 | a | gs 33 Ci 
3to4 | 39 36 
6to7 y 41 | 35 


Recommended average total air | 7 | 6 


content, percent | 


*These quantities of mixing water are for use in computing cement factors for trial batches. They are maxima 
for reasonably well-shaped angular coarse aggregates graded within limits of accepted specifications. 

If more water is required than shown, the cement factor, estimated from these quantities, should be increased 
to maintain desired water-cement ratio, except as otherwise indicated by laboratory tests for strength 

If less water is required than shown, the cement factor, estimated from these quantities, should not be decreased 
except as indicated by laboratory teste for strength. 


It is relatively unaffected by the quantity of cement. Guides to acceptable 
gradings may be found in the recommendations of such national organizations 
as the American Society for Testing Materials, the American Assn. of State 
Highway Officials, the Federal Specifications Board, and in the requirements 
of local bodies such as state highway departments, counties, and cities. 

The quantities of water given in Table 3 apply with sufficient accuracy 
for preliminary estimates of proportions. They are the maxima which should 
be expected for fairly well-shaped, but angular aggregates, graded within 
the limits of generally accepted specifications. If aggregates, otherwise 
suitable, have characteristics which lead to higher water requirements than 
given in Table 3, it is indicated that they have less favorable shape and/or 
grading than normally expected. The cement content should be increased 
to maintain the desired water-cement ratio, unless otherwise indicated by 


laboratory tests. Examples of such adjustments are given later. 


Some materials may require less water than indicated in Table 3. Unless 
supported by laboratory tests for strength, it is recommended that no adjust- 
ment be made in cement content to take advantage of this fact since other 
compensating factors may be involved. For example, a rounded gravel 
and a normally angular coarse aggregate, both well and similarly graded 
and of good quality, usually will produce concrete of about the same com- 
pressive strength for the same cement factor in spite of differences in water- 
cement ratio. Also, for the same proportions, different cements may pro- 
duce concretes having strengths which differ appreciably. 

Selecting water-cement ratio 

The requirements for quality of concrete may be stated in terms of dur- 

ability and minimum strength or, frequently, minimum cement factor. 
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TABLE 4—MAXIMUM PERMISSIBLE WATER-CEMENT RATIOS (GAL. PER BAG) FOR 
DIFFERENT TYPES OF STRUCTURES AND DEGREES OF EXPOSURE 


Exposure conditions* 
Severe wide range in temperature 
or frequent alternations of | Mild temperature rarely below 
freezing and thawing (air- freezing, or rainy, or arid 
entrained concrete only) | 


Type of structure At the water line or with- At the water line or with- 
in the range of fluctu- in the range of fluctu 
ating water level or ating water level or 
spray spray 


In In sea water or In In sea water or 
| fresh in contact fresh in contact 
| water | with sulfatest water with sulfates? 


Thin sections, such as railings, curbs, 5.5 5.0 4.5% 5.5 4.5% 
sills, ledges, ornamental or archi 
tectural concrete, reinforced piles, 
pipe, and all sections with less than 
1 in, concrete cover over reinforcing 


Moderate sections, such as retaining 
walls, abutments, piers. girders, beams 


Exterior portions of heavy (mass) 
sections 


Concrete deposited by tremie under 
water 


Concrete slabs laid on the ground 


Concrete protected from the weather, 
interiors of buildings, concrete below 
ground 

Concrete which will later be protected 
by enclosure or backfill but which 
may be exposed to freezing and 
thawing for several years before 
such protection is offered 


*Air-entrained concrete should be used under all conditions involving severe exposure and may be used under 
mild exposure conditions to improve workability of the mixture 

Soil or ground water containing sulfate concentrations of more than 0.2 percent 

tWhen sulfate resisting cement is used, maximum water-cement ratio may be increased by 0.5 gal. per bag 

§Water-cement ratio should be selected on basis of strength and workability requirements 


While durability of concrete is influenced by many variables including mixing, 
placing, curing, quality of ingredients, ete., proportions should be selected 
which will insure cement paste of adequate quality to withstand expected 
exposures. Suitable control of these other factors will then insure durable 
concrete. 


As stated previously, entrained air is of great benefit in insuring durable 
concrete and should always be used when exposure to weathering is expected 
to be severe. Where concrete will be exposed to sulfate action, sulfate- 
resisting cement should be used (preferably Type V or, where Type V is 
unavailable, Type II). Table 4 will serve as a guide in selecting maximum 
permissible water-cement ratios for different exposures when proper use is made 
of air entrainment for severe exposures and the materials have been care- 
fully selected. 

The maximum water-cement ratio or minimum cement factor to produce 
the required strength can best be determined by laboratory tests made with 
the same materials, including cement, as will be used in the work. However, 
if it is not practicable to make such detailed tests, Tables 3 and 5 afford a 
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TABLE 5—COMPRESSIVE STRENGTH OF CONCRETE FOR 
VARIOUS WATER-CEMENT RATIOS* 


Probable compressive strength at 28 days, psi 
Water-cement ratio, 
gal. per bag of cement Non-air-entrained concrete Air-entrained concrete 
6000 4800 
5000 4000 
4000 3200 
3200 2600 
2500 2000 
2000 1600 


*These average strengths are for concretes containing not more than the percentages of entrained and/or 
entrapped air shown in Table 3. For a constant water-cement ratio, the strength of the concrete is reduced as 
the air content is increased. For air contents higher than those listed in Table 3, the strengths will be proportionally 
less than those listed in this table 

Strengths are based on 6 x 12-in. cylinders moist-cured under standard conditions for 28 days. See Method of 
Making and Curing Concrete Compression and Flexure Test Specimens in the Field (ASTM Designation C 31 


basis for estimating water and cement. Reference has already been made 
to Table 3. Table 5 shows minimum strength to be expected for non-air- 
entrained and air-entrained concrete for different water-cement ratios. A 
corresponding table of values for flexural strength is not given because of the 
excessively wide range obtained with given proportions for different materials. 
Where flexural strength is specified, required proportions should be determined 
by laboratory tests, as outlined in the appendix. 

Strengths for air-entrained concrete for a given water-cement ratio 
(Table 5) are indicated as being 20 percent lower than non-air-entrained 
concrete, This is sufficiently accurate for estimating purposes in view of 
the fact that differences between recommended air content for air-entrained 
concrete and amount of air occurring in concrete without air-entraining agents 
are approximately the same for different sizes of aggregates. It should be 
kept in mind that this reduction applies only when the water-cement ratio 
is the same in each case. When cement content and consistency are main- 
tained constant, this apparent penalty in strength is partially or entirely 
offset by reduction in mixing water requirements which result from air 
entrainment. 

The cement factor required can be calculated, using the maximum per- 
missible water-cement ratio selected from Table 4 or Table 5 and water 
requirements from Table 3, by dividing the gallons of mixing water required 
per cubic yard by the water-cement ratio in gallons per bag of cement. If 
a minimum cement factor is specified, the corresponding water-cement ratio 
for estimating strength can be computed by dividing the gallons of water 
per cubic yard by the cement factor in bags per cubic yard. Selection of 
proportions of concrete should be based on whichever of the limitations 
specified—durability, strength, or cement factor—requires the lowest water- 
cement ratio. 


Estimate of quantity of coarse aggregate 


The minimum amount of mixing water and the maximum strength will 
result for given aggregates when the largest quantity of coarse aggregate 
is used consistent with adequate placeability and workability. This quantity 
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TABLE 6—VOLUME OF COARSE AGGREGATE PER UNIT OF 
VOLUME OF CONCRETE* 


Maximum size Volume of dry-rodded coarse aggregate per unit volume of concrete 
of aggregate, for different fineness moduli of sand 
in 

60 3.00 

Ww) 

ku 

” 

4 

70 

73 

78 

vO ) si 


*Volumes are based on aggregates in dry-rodded condition as described in Method of Test for Unit Weight of 
Aggregate (ASTM Designation C 29 

These volumes are selected from empirical relationships to produce concrete with a degree of workability suitable 
for usual reinforced construction For less workable concrete such as required for concrete pavement construc 
tion they may be increased about 10 percent 


can be determined most effectively from laboratory investigations of 
materials, with later adjustment in the field. However, in the absence of 
such laboratory data, a good estimate of the best proportions can be made 
for aggregates graded within conventional limits from established empirical 
relationships shown in Table 6. Values shown are the dry-rodded bulk 
volumes of coarse aggregate per unit volume of concrete. 

Concrete of comparable workability can be expected with aggregates of 
comparable size, shape, and grading when a given dry-rodded volume of 
coarse aggregate per unit volume of concrete is used. In the case of different 
types of aggregates, particularly those with different particle shapes, the use 


of a fixed dry-rodded volume of coarse aggregate automatically makes allow- 


ance for differences in mortar requirements as reflected by void content of 
coarse aggregate. For example, angular aggregates have a higher void 
content; therefore require more mortar than rounded aggregates. The pro- 
cedure does not reflect variations in grading of coarse aggregates within 
different maximum size limits, except as they are reflected in percentage of 
voids. However, for coarse aggregates falling within the limits of con- 
ventional grading specifications, this omission is probably of little practical 
importance. It will be seen that the optimum dry-rodded volume of coarse 
aggregate per unit volume of concrete depends upon its maximum size and 


the fineness modulus of the fine aggregate as indicated in Table 6 


COMPUTATION OF PROPORTIONS 


Computation of proportions will be explained by three examples. The 
following design criteria are assumed. 

(1) Type I non-air-entraining cement will be used and its specific gravity is assumed 
to be 3.15 

(2) Coarse and fine aggregates in each case are of satisfactory quality and are graded 
within limits of generally accepted specifications 

(3) The coarse aggregate has a specific gravity, bulk dry, of 2.68 and an absorption 
of 0.5 percent. 

(4) The fine aggregate has a specific gravity, bulk dry, of 2.64, an absorption of 0.7 
percent, and fineness modulus of 2.8 
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Example 1 

Concrete is required for a portion of a structure which will be below ground 
level in a location where it will not be exposed to severe weathering or sulfate 
attack. Structural considerations require it to have a 28-day compressive 
strength of 3500 psi. On the basis of information in Tables 1 and 2, as well 
as previous experience, it is determined that under the conditions of place- 
ment to be employed, a slump of 3 to 4 in. should be used and that a locally 
available No. 4 to 11%4-in. coarse aggregate will be suitable. The dry-rodded 
weight of coarse aggregate is found to be 100 lb per cu ft. 

The proportions may be computed as follows: 

(1) Since the structure will not be exposed to severe weathering, non-air-entrained con- 
crete will be used and the water-cement ratio will be established solely on the basis of strength 
required, - 

(2) From Table 5, the water-cement ratio needed to produce a strength of 3500 psi in 
non-air-entrained concrete is found to be about 6.6 gal. per bag. 

(3) The approximate amount of mixing water to produce a 3- to 4-in. slump in non-air- 
entrained concrete with 11%-in. aggregate is found from Table 3 to be 36 gal. per cu yd. 

(4) From the information in (2) and (3), the required cement content is found to be 
36/6.6 = 5.5 bags per cu yd. 

(5) The quantity of coarse aggregate may be estimated from Table 6. For a fine aggregate 
having a fineness modulus of 2.8 and a 1!4-in. maximum size of coarse aggregate, the table 
indicates that 0.72 cu ft of coarse aggregate, on a dry-rodded basis, may be used in each cubic 
foot of concrete. For a cubie yard, therefore, the coarse aggregate will be 27 * 0.72 19.4 
cu ft. Since it weighs 100 Ib per cu ft, the dry weight of coarse aggregate is 1940 tb. 

(6) With the quantities of cement, water, and coarse aggregate established, and the ap- 
proximate entrapped casual air content (as opposed to purposely entrained air) taken from 
Table 3, the sand content can be calculated as follows: 

5.5 X 94 
= 


3.15 62.4 


Solid volume of cement 2.63 cu ft 


Volume of water — 4.80 cu ft 


1940 : 

Solid volume of coarse aggregate 11.60 cu ft 
2.68 * 62.4 

Volume of entrapped air 0.01 * 27 0.27 cu ft 
Total solid volume of ingredients except sand 19.30 cu ft 
Solid volume of sand required 27 19.30 7.70 cu ft 
Required weight of dry sand = 7.70 & 2.64 * 62.4 1270 |b 
(7) Kstimated batch quantities per cubic yard then are: 
Cement (5.5 bags) 517 Ib 
Water (36 gal.) 300 Ib 
Sand (dry basis) 1270 Ib 
Coarse aggregate (dry basis) 1940 Ib 


These batch weights will require adjustment in the field to take into account 
moisture on aggregates. Also, some adjustment in proportions may be found 
desirable on the basis of actual field experience. Procedures for making these 
adjustments and for establishing weights for batch sizes other than one cubic 
yard will be discussed later. 
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Example 2 

Concrete is required for a heavy bridge pier which will be exposed to fresh 
water in a severe climate. A 28-day compressive strength of 3000 psi is 
specified. Placement conditions will permit a slump of 1 to 2 in. and the 
use of large size coarse aggregate. However, the only economically available 
coarse aggregate of satisfactory quality is graded only from No. 4 to 1 in. 
and this will be used. Its dry-rodded weight is found to be 95 lb per cu ft. 
Other characteristics are as indicated previously. 


The proportions are computed as follows: 

(1) Because of the severity of exposure, air-entrained concrete will be used and reference 
to Table 4 shows that the water-cement ratio should not exceed 5.5 gal. per bag. 

(2) From Table 5, the water-cement ratio required to produce a strength of 3000 psi in 
air-entrained concrete is shown to be about 6.3 gal. per bag. Since this exceeds the maximum 
permissible for the severe exposure condition, the lower value of 5.5 gal. per bag determined 
in (1) must be used. 

(3) The approximate quantity of mixing water needed to produce a 1- to 2-in. slump in 
air-entrained concrete made with 1-in. aggregate is found in Table 3 to be 31 gal. per cu yd 
In that same table, the desired air content, which in this case will be secured by use of an 
air-entraining admixture,* is indicated as 5 percent. 

(4) From (2) and (3), it can be seen that the required cement content is 31/5.5 5.6 
bags per cu yd. 

(5) From Table 6 it is found that, with a fine aggregate having a fineness modulus of 2.8 
and a l-in. coarse aggregate, 0.66 cu ft of coarse aggregate, on a dry-rodded basis, will be used 
in each cubic foot of concrete. The quantity in a cubie yard will be 27 * 0.66 17.8 cu ft 
which, in this case, weighs 95 * 17.8 or 1690 lb. 

(6) With the quantities of cement, water, coarse aggregate, and air established, the sand 
content is calculated as follows: 

: 5.6% 94 
Solid volume of cement 2.68 cu ft 
3.15 % 62.4 
Volume of water kn 4.13 cu ft 
1.5 
- 1690 

Solid volume of coarse aggregate 268 x 62 10.11 cu ft 

Volume of air = 0.05 X 27 1.35 cu ft 

Total solid volume of ingredients except sand . "18.27 cu ft 

Solid volume of sand required = 27 18.27 8.73 cu ft 

tequired weight of dry sand = 8.73 X 2.64 X 62.4 1440 Ib 
(7) The estimated batch quantities per cubic yard of concrete are 
Cement (5.6 bags) 526 |b 

Water (31 gal.) 258 Ib 

Sand (dry basis) 1440 Ib 

Coarse aggregate (dry basis) 1690 Ib 


Adjustments for moisture in the aggregates and to obtain batches of other 
sizes are discussed later. 


*Air-entraining agent when added at mixer as fluid should be included as part of the water volume, Sufficient 
air-entraining agent should be used to entrain the desired amount of air The 


amount recommended by the 
manufacturer will, in most cases, produce the desired air content 
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Example 3 

Concrete is required for conditions similar to those described in Example 2. 
That is, a heavy bridge pier is to be constructed in fresh water in a severe 
climate. In this case, a 28-day compressive strength of 4000 psi is specified 
and placement conditions will permit a slump of 1 to 2 in. The size of the 
structure and spacing of reinforcement will permit use of properly sized No. 4 
to 3-in. coarse aggregate which is economically available. The coarse aggre- 
gate has a dry-rodded weight of 110 lb per cu ft. 


The proportions are computed as follows: 

(1) As in Example 2, air-entrained concrete is required for the severe exposure condition 
and Table 4 shows that the water-cement ratio should not exceed 5.5 gal. per bag. 

(2) From Table 5, the water-cement ratio needed to produce a strength of 4000 psi in 
air-entrained concrete is found to be 5 gal. per bag. This is lower than the requirement for 
durability found in (1) and will, therefore, govern the selection of proportions. 

(3) From Table 3, the quantity of mixing water to produce a 1- to 2-in. slump in air-entrained 
concrete made with 3-in. aggregate is found to be 25 gal. per cu yd and the desired air content 
is given as 3.5 percent. 

(4) From (2) and (3), the required cement content is calculated to be 25/5 = 5 bags per 
cu yd. 

(5) In Table 6 it is found that, with fine aggregate having a fineness modulus of 2.8 and 
using a 3-in. maximum size coarse aggregate, 0.80 cu ft of coarse aggregate, on a dry-rodded 
basis, may be used in each cubic foot of concrete. The quantity per cubic yard is, therefore, 
27 X 0.80 21.6 cu ft which weighs 110 * 21.6 or 2380 Ib. 

(6) With the quantities of cement, water, coarse aggregate, and air known, the sand con- 
tent is calculated as follows: 

5 xX 94 


Solid volume of cement _— 2.39 cu ft 
3.15 XK 62.4 
2 


Volume of water 3.33 cu ft 


‘ 


2380 
Solid volume of coarse aggregate 14.23 cu ft 
. 2.68 & 62.4 


Volume of air 0.035 * 27 0.95 cu ft 


Total solid volume of ingredients except sand 20.90 cu ft 
Solid volume of sand required 27 — 20.90 6.10 cu ft 
Required weight of dry sand = 6.10 % 2.64 & 62.4 1000 Ib 


(7) The estimated batch quantities required for a cubic yard of concrete are: 

Cement (5 bags) 170 |b 

Water (25 gal.) 208 Ib 

Sand (dry basis) 1000 |b 

Coarse aggregate (dry basis) 2380 |b 

Adjustments for free moisture in the aggregates and to obtain batches of 
other sizes are discussed in the following sections. 


Batch weights for field use 

For the sake of convenience in making trial mix computations, the aggre- 
gates have been assumed to be in a dry state. Under field conditions they 
will generally be moist and the quantities to be batched into the mixer must 
be adjusted accordingly. 
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With the batch weights determined in Example 1, let it be assumed that 
tests show the sand to contain 5.0 percent and the coarse aggregate 1.0 
percent total moisture. Since the quantity of dry sand required was 1270 
lb, the amount of moist sand to be weighed out must be 1270 & 1.05 
1335 lb. Similarly, the weight of moist coarse aggregate must be 1940 
1.01 = 1960 lb. 

The free water on aggregates in excess of their absorption must be considered 
as part of the mixing water. Since the absorption of sand is 0.7 percent, 
the amount of free water which it contains is 5.0 0.7 1.3 percent. The 
free water on coarse aggregate is 1.0 — 0.5 0.5 percent. Therefore, the 
mixing water contributed by the sand is 0.043 * 1270 55 |b and that 
contributed by the coarse aggregate is 0.005 « 1940 lO lb. The quantity 
of mixing water to be added, then, is 300 — (55 + 10) 235 |b or 28 gal. 
Following is a comparison between the computed batch quantities and those 
actually to be used in the field for each cubic yard of concrete: 


Quantities per cu yd of concrete 


Ingredient Computed Used in field 


Cement 517 Ib (5.5 bags) 5 
Water 300 Ib (36 gal.) 2 
Sand 1270 |b (dry) 14 

‘ 


517 Ib (5.5 bags) 
$5 Ib (28 gal.) 


5 lb (moist) 
Coarse aggregate 1940 Ib (dry) 1960 Ib (moist) 


2 
, 
y 


The preceding trial mix computations provide batch quantities for each 
ingredient of the mix for a cubie yard of concrete. It is seldom desirable or 
possible to mix concrete in exactly l-cu yd batches. It is therefore necessary 
to convert these quantities in proportion to the size batch to be used. Let 
it be assumed that a 16-cu ft capacity mixer is available and that the cement 
will be batched by the bag. For the 5.5-bag concrete of the preceding example, 
a 3-bag batch will fill the mixer almost to capacity. (If 5.5 bags produce 
27 cu ft, then 3 bags will produce 14.7 cu ft.) To produce a batch of the 
desired size and maintain the same proportions, the cubie yard field batch 
weights of all ingredients must be reduced in the ratio 3/5.5, thus: 


Cement 3/5.6 X< 5.5 3 bags 282 |b 

Water.. 3/5.5 X< 28 15.25 gal 128 |b 

Sand (moist) 3/5.5 *% 1335 726 Ib 

Coarse aggregate (moist) 3/5.5 &% 1960 1070 |b 
Adjustment of trial mix 

In discussing the estimate of total water requirements given in Table 3, . 
it was pointed out that in some cases more water might be required than 
indicated and that, in such cases, the cement factor should be increased to 
maintain the water-cement ratio, unless otherwise indicated by laboratory 
tests. This adjustment will be illustrated by assuming that the concrete of 
Example 1 was found in the field to require 38 gal. of water instead of 36. 
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Consequently, the cement factor should be increased from 5.5 to 38/6.6 
or 5.8 bags per cu yd and the batch quantities recomputed accordingly. 

It was pointed out also that less water than indicated in Table 3 may some- 
times be required, but it was recommended that no adjustment be made in ce- 
ment factor, except as indicated by laboratory tests. Nevertheless, some adjust- 
ment in batch quantities is necessary to compensate for the loss of volume due 
to the reduced water. This is done by increasing the solid volume of sand in 
an amount equal to the volume of the reduction in water. For example, 
assume that 34 gal. are required instead of 36 for the concrete of Example 1. 
Then 34/7.5 is substituted for 36/7.5 in computing the volume of water in 
the batch and the solid volume of sand becomes 7.97 instead of 7.70 cu ft. 

The percentage of air in concrete can be measured directly with an air 
meter or it can be computed from theoretical and measured unit weights, in 
accordance with ASTM test methods listed in the appendix. For any given 
set of conditions and materials, the amount of air entrained is roughly pro- 
portional to the quantity of agent used. Increasing cement content or fines, 
decreasing slump, or raising temperature of the concrete usually decreases 
the amount of air entrained for a given amount of agent. The grading and 
particle shape of aggregate also have an effect on the amount of air entrained. 
The job mix should not be adjusted for minor fluctuations in water-cement 


ratio or air content. A variation in water-cement ratio of * 0.25 gal. per 


sack of cement, resulting from maintenance of a constant slump, is considered 
normal, A variation of * 1 percent in air content is also considered normal. 
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APPENDIX 
LABORATORY TESTS 


As stated in the introduction, selection of concrete mix proportions can be accomplished 
most effectively from results of laboratory tests which determine basic physical properties of 
materials to be used, establish relationships between water-cement ratio, air content, cement 
content, and strength, and which furnish information on the workability characteristics of 
various combinations of ingredient materials. The extent of investigation desirable for any 
given job will depend upon its size and importance and service conditions involved. Details 
of the laboratory program will also vary, depending upon facilities available and upon individual 


preferences. 


Physical properties of cement 

Physical and chemical characteristics of cement influence the properties of hardened con 
crete. However, the only property of cement directly concerned in computation of concrete 
mix proportions is specific gravity. As stated, the specific gravity of cement may be assumed 
to be 3.15 without introducing appreciable error in mix computations. 

A sample of cement should be obtained from the mill which will supply the job, or preferably 
from the job itself. The sample should be ample for tests contemplated with a liberal margin 
for additional tests that might later be considered desirable. Cement samples should be 
shipped in airtight containers, or at least in moisture-proof packages 


Properties of aggregate 

Sieve analysis, specific gravity, absorption, and moisture content of both fine and coarse 
aggregate and dry-rodded unit weight of coarse aggregate are essential physical properties 
required for mix computations. Other tests which may be desirable for large or special types 
of work include petrographic examination and tests for chemical reactivity, soundness, dur- 
ability, resistance to abrasion, and various deleterious substances. All such tests yield in- 
formation of value in judging the ultimate quality of concrete and in selecting appropriate 
proportions. 

Aggregate grad cion or particle size distribution is a major factor in controlling unit water 
requirement, proportion of coarse aggregate to sand, and cement content of concrete mixes 
for a given degree of workability. Numerous “ideal” aggregate grading curves have been 
proposed, but a universally accepted standard has not been developed. Experience and 
individual judgment must continue to play important roles in determining acceptable aggre- 
gate gradings. Additional workability realized by use of air entrainment permits, to some 


extent, the use of less restrictive aggregate gradations. 


Undesirable sand grading may be corrected to desired particle size distribution by: (1) 


separation of the sand into two or more size fractions and recombining in suitable proportions; 


(2) increasing or decreasing the quantity of certain sizes to balance the grading; or (3) reducing 
excess coarse material by grinding. Undesirable coarse-aggregate gradings may be corrected 
by: (1) crushing excess coarser fractions; (2) wasting excess material in other fractions; 
3) supplementing deficient sizes from other sources; or (4) a combination of these methods 
To the extent that grading limitations and economy in use of cement permit, the proportions 
of various sizes of coarse aggregate should be held closely to the grading of available materials 
Whatever processing is done in the laboratory should be practical from standpoint of economy 
and job operation, Samples of aggregates for concrete mix tests should be representative 
of aggregate selected for use in the work. For laboratory tests, the coarse aggregates should 
be cleanly separated into required size fractions to provide for uniform control of mix 
proportions. 


Concrete mix tests 
The values listed in the tables may be used for establishing a preliminary trial mix. How 
ever, they are based on averages obtained from a large number of tests and do not necessarily 


apply exactly to materials being used on a particular job. If facilities are available, therefore, 
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it is advisable to make a series of concrete tests to 
establish the relationships needed for selection of 
appropriate proportions based on the materials actually 


Very good 


Excellent 
Very good 


Good 


Excellent 


to be used. An example of a series of such tests is 
illustrated in Table A-1. The first mix of the series 
is a computed trial mix, as previously discussed. The 
second mix has been adjusted to increase slump, but 


Very good 


Excellent 
Excellent 
Excellent 
Excellent 


Rodability 


appeared to be oversanded and to contain too little 
course aggregate. In the next mix, the amount of 
coarse aggregate was increased to an estimated maxi- 


Workability 


mum amount which would still produce a mix of 


Segregation 


satisfactory workability. After the proper amount 
of coarse aggregate was determined, three additional 
mixes were made, varying the water-cement ratio over 
a range of from 5 to 7 gal. per sack. From these mixes 


Flexure 


the relationship between water-cement ratio, cement 
content, and strength was established for materials 
to be used on the job, and it was unnecessary to use 


the values established for average conditions. Field 


S-day strength, psi 


Compression 


> 


mixes could be selected directly from Table A-1. 


In laboratory tests, it seldom will be found, even by 
experienced operators, that desired adjustments will 
develop as smoothly as indicated in Table A-1 
Furthermore, it should not be expected that field 
results will check exactly with laboratory results. An 
adjustment of the selected trial mix on the job is 
usually necessary Closer agreement between labo- 
ratory and field will be assured if machine mixing is 


Mix No. 3 


employed in the laboratory. This is especially desirable 


aggregate 


if air-entraining agents are used since the type of 
mixer influences the amount of air entrained. Before 
mixing the first batch, the laboratory mixer should be 


buttered” or the mix “over mortared” as described 


Aggregate content, 


in ASTM Designation C 192 since a clean mixer re- 


tains a percentage of mortar. Similarly, any process- 


d lowered water for 


ing of materials in the laboratory should simulate 
as closely as practicable corresponding treatment in the 


field. 


The minimum series of tests illustrated in Table A-1 
may be expanded as the size and special requirements 
of the work warrant. Alternative aggregate sources 
and different aggregate gradings, different types and 
brands of cement, different admixtures, different 


nereased coarse aggregate ar 


maximum sizes of aggregate, and considerations of 
concrete durability, volume change, temperature rise, 
and thermal properties are some of the variables that 


may require a more extensive program. 


ratio, gal. 


Net water-cement 


Test methods 


Mix 
number 


In conducting laboratory tests, it is recommended 
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that the latest issue of the following methods be used: 
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Cement 
Chemical analysis of portland cement- ASTM Designation C 114 
Fineness of portland cement by the turbidimeter— ASTM Designation C 115 
Fineness of portland cement by air permeability apparatus—ASTM Designation C204 
Compressive strength of hydraulic cement mortars—ASTM Designation C 109 
Autoclave expansion of portland cement—ASTM Designation C 151 
Specific gravity of hydraulic cement—-ASTM Designation C 188 


W ater 
Quality of water to be used in concrete—-AASHO Designation T 26 


Aggregate 
Abrasion of coarse aggregate by use of the Los Angeles machine —ASTM Designation C 131 
Amount of material finer than the No. 200 sieve in aggregates--ASTM Designation C 117 
Clay lumps in aggregates—ASTM Designation C 142 
Coal and lignite in sand—ASTM Designation C 123 
Percentage of shale in aggregates—AASHO Designation T 10 
Organic impurities in sands for concrete-—-ASTM Designation C 40 
Sieve analysis of fine and coarse aggregates -ASTM Designation C 136 
Soundness of aggregates by use of sodium sulfate or magnesium sulfate -ASTM Designation 

C 88 
Specific gravity and absorption of coarse aggregates -ASTM Designation C 127 
Specific gravity and absorption of fine aggregates--ASTM Designation C 128 
Surface moisture in fine aggregate-—-ASTM Designation C 70 
Unit weight of aggregate—ASTM Designation C 29 
Voids in aggregate for concrete--ASTM Designation C 30 
Mortar-making properties of fine aggregate, measuring of —ASTM Designation C 87 
Petrographic examination of aggregates for concrete ASTM Designation C 205 
Potential reactivity of aggregates (Chemical method) ASTM Designation C 289 
Alkali reactivity, potential, of cement-aggregate combinations ASTM Designation C 227 
Fineness modulus, Definition of -ASTM Designation C 125 


Concrete 

Air content (gravimetric), weight per cubie foot, and yield of concrete ASTM Designation 
C 138 

Air content (volumetric) of freshly mixed concrete-—-ASTM Designation C 173 

Air content of freshly mixed concrete by pressure method--ASTM Designation C 231 

Air content of fresh concrete by pressure methods (Washington-type meter) —Bureau of 
Reclamation Concrete Manual, Designation 24 

Air content of freshly mixed concrete —Corps of Engineers Handbook for Conerete and 
Cement, Designation CRD-C 41 


Laboratory concrete mixing—Bureau of Reclamation Concrete Manual, Designation 28 

Sampling of fresh concrete ASTM Designation C 172 

Test for slump of portland cement concrete ASTM Designation © 143 

Flow of portland-cement concrete by use of the flow table—ASTM Designation C 124 

Compressive strength of concrete using portions of beams broken in flexure (modified cube 
method)—ASTM Designation C 116 


Compressive strength of molded concrete cylinders—-ASTM Designation C 39 


Concrete compression and flexure test specimens, making and curing in the field--ASTM 
Designation C 31 

Concrete compression and flexure test specimens, making and curing in the laboratory 
ASTM Designation C 192 

Flexural strength of concrete (using simple beam with third-point loading) -ASTM Desig- 
nation C 78 

Fundamental transverse and torsional frequencies of concrete specimens ASTM Designa- 
tion © 215 
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Hardened concrete, securing, preparing, and testing specimens from, for compressive and 
flexural strengths—ASTM Designation C 42 

Cement content of hardened portland-cement concrete—-ASTM Designation C 85 

Volume change of cement, mortar and concrete ASTM Designation C 157 

Absorption of concrete—AASHO Designation T-25 

Bleeding of concrete—-ASTM Designation C 232 


MIXES FOR SMALL JOBS 


For small jobs where time and personnel are not available to determine proportions in 
accordance with recommended procedure, mixes in Table A-2 will provide concrete that is 
amply strong and durable if the amount of water added at the mixer is never large enough 
to make the concrete overwet. These mixes have been predetermined in conformity with 
recommended procedure by assuming conditions applicable to the average small job, and 
for aggregate of average specific gravity. 
coarse aggregate. 
of aggregate. 


Three mixes are given for each maximum size of 
Table 2 may be used as a guide in selecting an appropriate maximum size 
Mix B for each size of coarse aggregate is intended for use as a starting mix. 
If this mix happens to be oversanded, change to mix C or, if it is undersanded, change to mix 
A. It should be noted that the mixes listed in the table apply where sand is dry. 
moist or wet, make the corrections in batch weight prescribed in the footnote. 
The approximate cement content in bags per cubic yard of concrete listed in the table 
will be helpful in estimating cement requirements for the job. 


If sand is 


These requirements are based 
on concrete that has just enough water in it to permit ready working into forms without 
objectionable segregation. Concrete should slide, not run, off a shovel. 


TABLE A-2—CONCRETE MIXES FOR SMALL JOBS* 


Aggregate, lb per 1-bag batch 


Maximum | Approximate bags Sandt 
size oO Mix | of cement per cu 1 
aggregate, designation | yd of concrete Air-entrained 
in, 


Gravel 
or Iron blast 
Concrete crushed furnace 
concrete} without air stone slag 


4 r 9 


” 


h 170 145 
190 165 
205 


to tot 
aon = 
nn 


3! 
2: 
2 

2! 


) 
’ 
) 


330 
360 
380 320 


Note: Air-entrained concrete should be used in all structures which will be exposed to alternate cycles of 
freezing and thawing 


*May be used without adjustment 

| Weights are for dry a If damp sand is used, increase weight of sand 10 lb for 1-bag batch, and if very 
wet sand is used add 20 |b for 1-bag batch. 

tAir-entrained concrete can be obtained by the use of an air-entraining cement or by adding an air-entrainin 
agent. If an agent is used, the amount recommended by the manufacturer will, in most cases, produce the desire 
air content. 

Procedure: Select the proper maximum size of aggregate and then, using mix B, add just enough water to 
produce a sufficiently workable consistency the concrete appears to be undersanded use mix A, and if it 
appears to be oversanded use mix C. 
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Properties of Heavy Concrete Made with 
Barite Aggregates 


By L. P. WITTE and J. E. BACKSTROMt 
SYNOPSIS 


Reports results of tests performed on barite (barium sulfate) to determine 
its physical properties and its potential value as an aggregate in conventional 
and prepacked concrete where high density is desired. The coneretes de- 
veloped were tested under a variety of conditions to determine their physical, 
chemical, and structural characteristics. 

Barite aggregate behaves in concrete similarly to an ordinary crushed aggre- 
gate such as limestone or basalt, and no special problems were encountered 
in selecting and proportioning the constituents of the concretes. Exceptionally 
high compressive strengths were developed by conventional barite concrete 
Prepacked barite concretes did not develop these high strengths. Coefficient 
of thermal expansion is approximately twice that of concrete containing a good 
natural aggregate similar to that used in Grand Coulee Dam. Values of 
specific heat, thermal conductivity, and diffusivity are approximately one 
half those obtained with the natural aggregate concrete. Concretes having 
densities of as much as 232 lb per cu ft were obtained. Concrete of high den 
sity is desirable for shielding in certain areas of atomic plants. Barite might 
also serve as riprap for bank protection where weight is desirable 


INTRODUCTION 


In May, 1950, the Atomic Energy Commission, then engaged in investigat- 
ing the use of various materials for reactor shielding, requested the Bureau of 
Reclamation to investigate the use of the heavy mineral aggregate barite in 
concrete for this purpose. A search of the literature at that time revealed 
that considerable research had been performed on various materials for 
shielding against radiation'* but that little fundamental data had been re- 
ported on the properties of concrete containing barite aggregate. ‘The primary 
objective of the program was to produce workable concrete of maximum 
density and adequate strength for structural utilization, and to determine the 
physical, chemical, thermal, and structural properties of the selected concrete 
under a variety of conditions. 

Specifications, as finally adopted, required acceptable aggregate to have a 
minimum apparent specific gravity of 4.1; to contain a minimum of 93.5 per- 
cent barium sulfate, BaSO,; and to be free of deleterious amounts of any 
material known to be reactive with alkalies in portland cement. Minimum 


*Received by the Institute Oct. 5, 1953. Title No. 51-3 is a part of the copyrighted JouanaL or THe Amenican 
Concrete Inetirute, V. 26, No. 1, Sept. 1954, Proceedings V. 51. Separate prints are available at 50) cents each 
Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1955. Address 18263 W. MeNichols 
Rd., Detroit 19, Mich. 

+tMembers, American Concrete Institute, Engineers, United States Department of the Interior, Bureau of 
Reclamation, Denver, Colo 
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requirements for the hardened concrete were a density of 218 lb per cu ft and a 
28-day compressive strength of 3000 psi. 

Samples of barite rock from four sources were submitted and tested for 
chemical composition and specific gravity. On the basis of these tests, barite 
from a source in Nevada was selected. 

Because of the inaccessibility of portions of the structure and the extremely 
close alignment tolerances imposed on some embedded parts, the exclusive 
use of conventional barite concrete compacted by conventional methods was 
questioned. For that reason concrete made by the prepacked method, which 
involves placing the coarse aggregate in the form and then filling the voids 
with a sand-cement grout, was also investigated. 


To conserve the supply of selected barite and expedite the program, a 


number of preliminary tests were performed using barites from the rejected 
sources. In this manner, the probable effects of fine and coarse aggregate 
grading, sand content, and the use of plasticizers and various types of com- 
paction, were determined. Data covering these preliminary tests are not 
included herein,® this paper being limited to reporting results of tests per- 
formed on only the selected barite aggregate and on concretes made with it. 
With exception of one mix subjected to freezing and thawing, all concretes 
tested were non-air-entrained. 


BARITE AGGREGATE INVESTIGATIONS 

Selection of the barite source for use as concrete aggregate was based 
primarily on the unit weight as indicated by the purity of the barite de- 
termined by chemical analysis. An original specification requirement on 
iron oxide content, whose presence it was hoped would improve the heat 
transfer properties of the concrete, was waived and its influence on the thermal 
properties was evaluated by additions of iron oxide to the concrete mix. 
Potential reactivity of the aggregate with alkalies in cement was initially 


TABLE I—PHYSICAL PROPERTIES OF BARITE* AGGREGATE 


Absorption, 
Aguregate Specific percent Sodium sulfate Organic | Los Angeles abrasion 
size gravity color P 
40 24 Grading, Actual loss,t) Weighted? Loss at Loss at 
min hr percent percent loss, percent 100 rev. | 500 rev 


Sin, to 6 in 
14% in, to 3 in 
4% in, to 1'y in 
4 


* in, to % in 


No. 4 to % in 


Sand, unwashed 
iM 3.22 
Sand, washed 
FM 3.72 
| Total 


*Barium sulfate 04.9 percent, ferric oxide 0.18 percent. 
t 5 cycles. 
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TABLE 2—WETTING-DRYING, FREEZING-THAWING TEST DATA 


Mix data 


Cement No. and 

specific gravity 3.17 19458 3.15) 10458 
Soda equivalent 

percent ) 0.45 
Cement content, lb 

per cu yd 35 V7 
Slump, in. 2% 
Mix parts 7.6 1:8.13 
Unit weight, lb per 

eu ft 
Percent air 


Mix No 


Wetting and drying test results 


Leth y Leth Wat I gth Wat 
Cycles ichange | ami change lb change Ib 
percent y 4 percent ) ‘ reent 


Initial reading | 0.00 77 5 0.09 18.73 4.75 0.09 1s 
5 0 02 7 0 Ol Is 69 , 18 0 0% Is 


Freezing and thawing test result 


Cure ycles to 25 percent weight loss 


14-day fog R50 
28-day fog , 1000 
14-day fog plus 

days drying 400 
14-day fog plus 

days outdoor 

exposure 1000 


Compressive strengtl 
psi 460 
kx 10-6 ee, 


Sand grading percent 


> aggregate grading percent 
Pan No. 100) No, 5 ) No. 16 No.8 } 4 


ou ha a4-in 
5 16 24 15 15 40 “oo 
W/C 0.51 
*Type II cement, selected for project 
tStandard laboratory cement, a blend of Type II cements 


tStandard laboratory high-alkali cement, Type I 


Sand percent 


determined by petrographic examination, and the finding of innocuity was 
subsequently verified in the chemical, mortar bar, and wetting-drying tests® 
(Tables 1 through 3, and Fig. 1). Thus, with the one exception mentioned, 
the aggregate met all requirements, was approved for use, and tests to de- 
termine its properties and performance in concrete were initiated 

Most readers of this paper are familiar with the accepted standards for 
sampling and testing concrete aggregates; consequently, the authors have not 
included these details. In cases where the method may need clarification, 
appropriate reference or detail is provided. Suffice it to say that the aggre- 
gate was subjected to all standard tests normally required by the Bureau of 
Reclamation for aggregate acceptance. The results of these tests are dis- 
“cussed later. 


Petrographic examination 


Petrographic examination of crushed barite show particles ranging from 
angular to subangular in shape, the majority being subangular. Numerous 
intersecting fractures are present in the rock particles. A few of the fractures 
are open; others are partially or completely filled with a yellow to brown 
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Fig. 1—Results of chemical test for reactivity on Rossi Mine 
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TABLE 3—ALKALI-AGGREGATE 
REACTIVITY DATA—MORTAR-BAR TEST 


| Low alkali | 
| High alkali 


. lo, | -~ * 
Cement | No, | A- | No. 7488t 
9406*| 758% 
Soda equivalent, | | 
percent 0.17) 0.46 1.19 


|Barite rock from Rossi Mine, Elko, 
Nev., Laboratory No. M-884 


‘Test aggregate 


Percent | 100 100 75 | BO 25 
Nonreactive | 
aggregate | None Quartz No. 2109 
! 
Percent 0 | O 25 | 50 | 75 


Mix No. | 3790) 3791) 3786 3787 | 3788) 3789 
Length change | | | | 
percent, at | } | | 
12 months 10.0100. 020 0. 066'0.060)0 055)0 036 


*Standard laboratory low-alkali cement. 

tStandard laboratory high-alkali cement. 

tCement selected for barite investigations; Type II. 

Note: Aggregate causing an expansion of 0.10 percent 
at one year is considered deleteriously reactive with 
alkalies in cement, 
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material composed of fine 
barite particles, iron oxides, 
and clay admixed with 
small amounts of chalced- 
ony, quartz, and zeolites. 
X-ray diffraction patterns 
indicate the clay is a mont- 
morillonite type. 

During blasting and 
crushing, the surfaces of 
the smaller particles were 
developed along internal 
fracturesin the parent rock. 
Accordingly, much of the 
surface area of the particles 
is covered with a film of 
the same type of yellow to 
brown material that filled 
the fractures. This film 
softens considerably when 
wet but some 
mechanical abrasion in ad- 


requires 


dition to simple washing 
for its removal. 

Under the microscope a 
thin section of the rock is 
seen to bea relatively pure, 
fine-grained barite, inter- 
sected by many fractures 
and microfractures contain- 
ing small amounts of the 
impurities mentioned. 

The crushed coarse 


ag- 
gregate was examined to 
determine the physical 


quality of the various size 
fractions. About 50 per- 
cent of the particles in the 
34- to 3-in. sizes are regard- 
ed as only fair 
what 50 percent 
good in quality for use as 
concrete aggregate. Quan- 
tities of fair and good qual- 
ity in the No. 4 to 34-in. 


and some- 
less than 
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size particles amounted to 35 and 62 percent, respectively. Approximately 
3 percent was physically unsound. 

The crushed fine aggregate was 85 percent satisfactory from a physical 
standpoint and 15 percent unsound. A small amount of barite dust adheres 
to the crushed particles, especially in the finer sizes. 

Sulfate resistance 

Results of physical properties tests are shown in Table 1. Sodium sulfate 
resistance of the fine aggregate was high and met the Bureau’s usual specifi- 
cation requirement. On the other hand, resistance of the coarse aggregate 
was low, an indication that, in all probability, concrete containing this aggre- 
gate would not be suitable for use where exposed to freezing-thawing action. 
Abrasion losses 

Ordinarily, Bureau specifications for the Los Angeles abrasion test require 
that acceptable coarse aggregate shall not lose more than 10 percent in 100 
revolutions or more than 40 percent in 500 revolutions. The high losses, 19 
and 65 percent, respectively (Table 1), indicate that an abnormal amount of 
breakdown will occur during handling and processing, and probably during 
mixing. 

Resistance to freezing and thawing 

Freezing-thawing tests® (Table 2) were performed on variously cured plain 
and air-entrained barite concrete using a standard laboratory cement, and a 
non-air-entrained concrete containing the selected project cement. From an 
over-all standpoint, non-air-entrained barite concrete, regardless of curing 
conditions, does not develop sufficient resistance to the freezing-thawing 
exposure to be classified other than “‘poor;”’ failure occurring at a maximum 
of 220 cycles. Entrainment of air resulted in greatly increased resistance, 
failure occurring from 850 to 3600 cycles depending upon the type of cure. 
Alkali reactivity 

Potential reactivity of barite with alkalies in cement was determined by 
the chemical test, the mortar bar test, and the wetting-drying tests of con- 
crete.’ Results of all tests indicate this barite to be nonreactive (Fig. 1, Tables 
2 and 3). 


CONVENTIONAL BARITE CONCRETE 


As stated in the introduction, the minimum requirements of the barite 
concrete were a workable mix (slump 2!%4 to 3!4 in.), a minimum compressive 
strength of 3000 psi at 28 days, and a minimum density of 218 lb per cu ft 
at the same age. From preliminary tests, which utilized rejected barite 
samples, it became apparent that the heavy aggregate would offer no unusual 
problems in the selection of mix proportions, the barite behaving similarly 
to conventional concrete containing other types of crushed aggregate, and that 
specification requirements should not be difficult to meet. 

From these same tests it was found that aggregate grading when held 
within practical limits had little effect on the desired concrete properties 
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TABLE 4—MIX DATA AND TEST RESULTS—PRELIMINARY 





Maxi Unit 
mum Net weight 
Mix Feature size Plasti- w/c fresh Water (Cement Sand Gravel 
No aggre- cizer, Sand, ratio Slump concrete, | content, | content, | content, | content, 
gate, per- per- by in lb per Ib per Ib per Ib per lb per 
in ceut cent weight eu yd eu yd cu yd cu yd cu yd 
16 W/¢ % 1.0 49.3 0.53 3.6 221.1 ble 590 2405 2568 
7 ratio % 1.0 WO 0 5S 4.4 221.6 313 539 25) 2566 
1s series % 1.0 O.6 0.63 3.7 222.3 BL: 4065 2625 2568 
1 Sand 1% 1.0 39 0.53 3.2 225.9 278 523 2065 3230 
2 content I'4 10 42 0.53 2.8 226 . 3 285 534 2234 3060 
4 series Ig 1.0 iy) 0.53 3.9 224.9 205 554 2354 2565 
6 w/e 1% 1.0 41.2 0.53 3.8 7 286 540 2177 3092 
7 ratio I 1.0 12.0 0.58 3.5 225.7 285 491 2233 3085 
s ner ies 1% 1.0 412.6 0.63 3.6 227 .9 287 $56 2303 3107 
9! 1% 1.0 13.6 0.75 55 225 3 256) 382 2304 S098 
102 I'4 1.0 45.0 0.90 3.2 231.5 261 200 205 3132 
4’ Sand 
grading ly 1.0 42 0. 5S 4.3 225.7 280 is4 2236 3090 
5 Gravel 
grading 1% 1.0 42 0.58 3.1 225.9 285 492 2235 3087 
i Compac 
tion 14 1.0 42 0. 5S 3.6 226.9 287 494 2246 3102 
12 Compac- 
tion* I'4 1.0 42 0.58 3.58 226 9 287 44 2246 3102 
13 Compac 
tion* 14 1.0 42 05s 4.9 227 6 287 405 2251 3109 
4 Prolonged | 
mixing 1% 1.0 12 0. 5s 2.6 226.6 282 185 2247 3105 
15 2 percent | 
plasticizer 14 2.0 42 0. 5s 19 226.7 282 486 | 2247 3105 
1” w/e 3 1.0 34.3 0.53 2.9 229.8 257 is4 1873 3591 
20 ratio 3 1.0 45.0 0.58 3.4 229 5 256 40 1924 3576 
21 series 3 1.0 35.5 0.63 3.9 230.4 256 407 1974 3584 
22 Final 4 1.0 35 0.58 1.0 232.4 253 1:36 1056 3629 
Sand size Pan No. L100 No, 50 No. 30 No. 16 No. 8 Fineness modulus 
Sand grading, percent 13 10 13 20 258 16 2.85 


IMix too wet, slump fell apart, bled freely 
2Very good appearing concrete, workable, very slight bleeding 
‘Made with the following sand grading which yielded maximum density in sand density tests 
Sand size Pan No. 100 No. No. 30 No. 16 No. 8 Fineness modulus 


Percent 20 s 2 5 24 41 3.25 


other than that of workability. Also the use of a plasticizer was found to 
increase density and benefit workability, without detrimentally affecting the 
other properties of the concrete. On the negative side, it was found that the 
entrainment of a large amount of air, for workability, with subsequent. re- 
moval by vibration, was not a practical means of increasing density. 

With this information available, there remained only the task of develop- 
ing the most desirable concretes containing 34-, 115-, and 3-in. maximum size 
aggregate and determining their behavior under a variety of test conditions. 
Because the greatest need was for concrete containing 1!5-in. maximum size 
aggregate, trial mixes were limited to this size. Only a water-cement ratio 
series was made for selection of the concretes containing aggregates graded 


up to 34-in. and 3-in. maximum size (Table 4). 
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MIXES, CONVENTIONAL BARITE CONCRETE 





Compressive | y, (-* Poisso ratio 
Air strength, psi Density Gravel grading, percent 
content hardened 
percer 28-day 28-day 28-day concrete No. 4 \ to “to L's 
wravi Ib per to %& a 14 to 3 
metri h« Sealed I Sealed Fog Sealed eu ft i i i in 
0.3 7550 7110 4 10 1 7 0.18 0.2 22. ) 
04 7110 HHA 1.28 1.55 0.17 0.24 225.5 1) 60 
0.3 #100 Vole 1 00 } 2 oO oF 0.22 220.09 
03 6380 6100 1 " t 0.22 0.24 229.3 
0 6610 6530 1 34 1.76 0.22 0 24 229 . 3 21 $2 17 
0 6700 6410 4.26 » Ol 0.26 0.27 25.8 
0 1 ps4 6350 4 17! 0.22 0.2 s 0 
{ , Han 740 425 tov 0.27 - 229 ! 17 
0 IM) 870 $21 1 57 0.23 0 26 31 
0 320 00 4113 13 0 24 0 29 
0.2 w10 YOO 1 oO! . 2 0 18 0 1 iho 
0.6 10) { 5 0 2 l 2 17 
0.2 24 t 0 
I Ided ! Rodde Rodded 
\ li Vi | \ li 
ited j brated det brated le 
f to i 
0 6580 6140 4 62 1 41 0.26 0.25 230.3 21 2 17 
0 5870 6190 t.60 +44 0.23 0.25 228.0 21 32 17 
‘ 
0 6140 6460 1.56 1.36 0.26 0.22 231.0 21 $2 17 
0.2 21 y2 i 
I Sealed I Sealed | Sealed 
0.1 6350 ASO 4.43 1.30 0.14 0.23 228.0 21 $2 17 
ol 7180 6940 4.67 1 2 0. 26 0.25 41) 
0.5 420 100 1.72 1.27 0.22 0.24 P05 l 23 0) i) 
0.3 6120 S40 1 20 1 ! 0.23 0.24 228.6 
0 7 H110 $.4 sv 0.12 0.12 2 l 4 0 0 
Cement Type Il Low-alkali Laboratory No, A-758 specific gravity 3.17) 
‘Mix data for 11, 12, and 13, were based on unit weights computed from 6 x 12-in. calibrated eylinder molds 
Compressive strengths and elastic properties are recorded for both vibrated and rodded cylinders, but densities 
ire for vibrated cy nly 
‘12 x 24-in. cylinder Fog-cured linder had settlement crack ound 1 


The selected barite rock, crushed to sand and gravel (3-in. maximum) sizes: 
a Type IL low-alkali cement, having a soda equivalent of 0.48 percent; and a 
commercially available plasticizer (designated Agent A in this report) con- 
taining iron oxide, portland cement, and adipic acid were used in all conven- 
tional concrete mixes. 

To make the final selection of a recommended concrete mix, numerous 
trial mixes using the selected materials were required to determine the effects 
of variables on mix parts not previously determined. For example, the in- 
dicated benefit from the use of a plasticizer was verified, and the influence of 
sand content and aggregate grading, water-cement ratio, and methods of 


compaction were determined. From these data (Table 4) recommended 


concrete proportions (Tables 5 and 6) were selected for mixes containing 44-, 
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TABLE 5—SPECIFICATION GRADINGS OF BARITE AGGREGATE FOR CON- 
VENTIONAL %-, 1%4-, AND 3-IN.-MAXIMUM CONCRETE 


Coarse aggregate 


Maximum Screen size, percent retained 
size aggregate, Feature . ‘ = 
in, No. %-14- w 
144-3-in. 


Recommended grading limits | 
Grading used | 
Recommended grading limits 
Grading used 2: 
Recommended grading limits | 5-2! 20-30 


Grading used | = +: | 
| 
| 





Fine aggregate 

| 

Maximum 
size aggregate, | Feature ' ' 
in, | } } | Passing 
} No. 4 | No. 8 | No 16 | No. 30) No. 50 |No, 100)No. 100 

} 
| 
For all | Grading used a 16 “si. 6S 13 | 3 
maximum sizes | Recommended grading limits 0-5 10-25 | 20-35 | 15-25 10-20 | 7-i 10-15 
| | 


| . 
Screen size, percent retained 
: ' 


114-, and 3-in. maximum size aggregate. 

Briefly, the recommended mixes contained aggregates graded within the 
usual range required for good workability, plasticizer in the amount of 1.0 
percent by weight of cement, and a water-cement ratio of 0.58 by weight. 
This selection was made even though one mix having a 0.90 water-cement 
ratio developed adequate strength and appeared more desirable from the 
standpoint of density (Table 4, Fig. 3 and 4). However, past experience 
and the poor physical quality of the barite aggregate, together with the severe 
temperature cycle to which the structure was to be subjected, indicated that a 
more reliable performance with little sacrifice of density would be obtained 
from the selected concrete. Satisfactory compaction and density were ob- 
tained from normal vibration; however, in areas where vibration might dis- 
turb embedded parts held to extremely close alignment tolerances, hand 
rodding proved satisfactory. In addition, for maximum density, aggregate 
of the largest maximum size capable of being properly placed and compacted 
was recommended (Fig. 2). 


TABLE 6—RECOMMENDED MIX PROPORTIONS FOR %-, 1¥%-, AND 3-IN.-MAXIMUM 
CONVENTIONAL BARITE CONCRETE 


%4-in. 114-in. 3-in. 
maximum maximum maximum 


Water content, lb per cu yd * 313 282 245 
Cement content, Ib per cu yd 539 186 12:3 
Aggregate, lb per cu yd 5132 5360 5611 
Water-cement ratio, by weight 0.58 0.5! 0.58 
Sand, percent of total aggregate 50 42 35 
Plasticizer, percent by weight of cement 1.0 

Slump, in. 3.4 

Unit weight, fresh, lb per cu ft 221.6 
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Fig. 2—Density of barite concrete increases as maximum size of aggregate increases 
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Fig. 3—Density of barite concrete increases as water-cement ratio increases 


All specimens for the various tests of hardened concrete were fabricated in 
accordance with standard procedures from mixes shown in Table 7. Mix No. 
23 represents the recommended concrete containing barite aggregate. Similar 
specimens, which served as controls for both the conventional and prepacked 
barite concretes, were made from mix No. 27 which contained natural aggre- 
gate from the Grand Coulee Dam area. Other specimens were made from 
mixes No. 24 through 26, identical to the recommended mix except that 1, 
2, and 5 percent, by weight of aggregate, was replaced by iron oxide (Fes) 
to evaluate the influence of this material on thermal properties. 
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Fig. 4—Compressive strength decreases as water-cement ratio increases 
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TABLE 7—MIX DATA, COMPRESSIVE STRENGTH, AND ELASTIC PROPERTIES—REC- 
OMMENDED CONVENTIONAL BARITE CONCRETE, BARITE CONCRETE WITH IRON- 
OXIDE ADDITIONS, AND GRAND COULEE CONCRETE 


Mix data 


Recom 


Pype of mix) mended mix Recommended mix with iron-oxide Grand Coulee 


replacements of aggregate mix 
Mix properties Mix No.| 26 27 
Water content, lb per cu yd 
Cement content, lb per eu yd : 48 
Aggregate, lb per cu yd 53: 7 5 5 
W/C ratio, by weight | 0.5 
Sand, percent of total aggregate f : rH 
Plasticizer, percent by weight cement 0 
Iron oxide (Fe), percent by weight 
aguregate, 

weight Fe®s, lb 7 0 
Slump, in 2 
Unit weight fresh concrete, lb per cu ft : 225. 153 
Air content, percent 0 


326 
0 


Test results 4 x 12-in, cylinders 


Seal 


Test performed Type of cure) Fog |Sealed Four ‘Sealed Fog (Sealed Foe |Sealed) Fog* ed* 


Compressive strength, psi 7-day 4400 4220 2740 | 4190 
28-day HOO 6140 400 5USO HO30 5700 WoO S10 S50 1000 
WO-day s000 6740 SOLO 5320 

1sO-day 7110) «16640 6550 | 5350 

365-day 17200 16940 6830 | 5610 

| 

Modulus of elasticity 7-day | $00 
(static) H x 10-6 28-day | 1.30 
90-day .04 

180-day i 4.82 

b6 5-day 15.4 5.12 


Poisson's ratio 7~lay 0.22 
28-day 0.21 
WO-day 0.24 
1SO-dlay } 0.2 0.24 
s5-day 1 0.2 0.27 
1 


*Strength and elastic properties are averages of six Grand Coulee mixes previously made having a 0.55 water 
i 
cement ratio 


%- and 3-in. maximum-size aggregate concrete 

Since the 1!4-in. concrete investigations established that barite followed 
the normal trends of workability and grading developed by concretes contain- 
ing other crushed aggregates, few problems were encountered in selecting the 
mixes recommended for *4- and 3-in. maximum-size aggregates (Tables 5 
and 6). Results compared favorably with those of the 1!5-in. conerete ex- 
cept density of the %4-in. concrete was reduced approximately 4 lb per cu ft 


‘ 


(Fig. 2). Conversely, the density of 3-in. concrete was increased by approxi- 
mately 3 lb per cu ft. 


PREPACKED BARITE CONCRETE 


Because some portions of the proposed structure contained embedded 
features which must be held to close tolerances, the conventional means of 
placing and compacting concrete was expected to cause difficulties. There- 
fore, pneumatically applied mortar and prepacked concrete were considered. 
The pneumatically applied mortar was quickly discarded because of its rela- 
tively low density, 187 lb per cu ft. Prepacked concrete was thoroughly 
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examined and subjected to the same tests in the hardened state as the con- 
ventional concrete. Minimum requirements of prepacked for strength and 
density were the same as for the conventional concrete. 

Kssentially, the prepacked method consists of first filling a volume with clean 
aggregate, of %¢-in. minimum size and graded to approximately 33 percent 
voids, then pumping the voids full of a grout consisting of fine sand passing 
a No. 30 screen, portland cement, a filler (usually pozzolanic fine material) 
and chemical agents which benefit the flow characteristics of the mixture and 
strength of the resulting concrete. 

The Bureau has had considerable experience in the use of prepacked con- 
crete using conventional aggregates; however, the use of heavy aggregate 
required the investigation of many factors influencing density, strength, and 
pumpability of the mortar grout. Cement and fine aggregate were the same as 
used in the conventional concrete. 

Filler materials (used as an aid to pumpability of grout) investigated in- 
cluded fly ash, having a specific surface (Blaine) of 3000 sq em per g or finer; 
and —100 mesh barite rock dust obtained during crushing operations. The 
barite “filler” is not shown as such on the tables but is included as part of 
the grout sand grading. 

Various admixtures, consisting of accelerators, retarders, and expansive 
agents, either singly or in combination, were investigdted to determine their 
effects on pumpability, strength, and bond. These admixtures are identified 


as: 


Primary constituents 


Portland cement, adipic acid, iron oxide 

Calcium lignon sulfonate 

Same as B with triethanolamine added 

Same as © with aluminum powder and inert filler material added 
Aluminum powder Gonmelidhed 


Numerous trials were required to determine proper grading and allowable 
grading limits of the coarse aggregate (Fig. 5 and Tables 8 and 9) and the 
constituents and proportions thereof contained in the grout required for proper 
‘pumpability, and adequate density and strength producing properties (Table 
10). From these trials, two mixes, AEP-7 and AEP-8 (Table 11) which 
utilized 1!4-in. maximum size aggregate were selected for further testing 
under a variety of exposures. The grouts used in these mixes differed only 
in that AEKP-7 contained fly ash filler in the grout while AEP-8 contained 

-~100 mesh crushed barite as filler material. Grout similar to that used in 
AEP-7 was also used in 3-in. maximum size aggregate concrete (mix AEKP-B-1, 
Table 11). 

Briefly, the recommended prepacked mixes contained coarse aggregate 


graded from %4-in. minimum size to 1!-in. maximum size and packed to a 
33 percent void content. Grout (mix AEP-G-8, Table 10) consisting of 1:1.5 
parts, by weight, of cement to crusher run sand passing the No. 30 sieve, a 
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Fig. 5—Density curves for variously graded and compacted coarse barite aggregate for prepacked 
concrete 


water-cement ratio of 0.52, 0.3 percent Agent B, and 0.01 percent aluminum 
powder, both by weight of cement, is recommended. A maximum of 55 
percent of the sand passing the No. 100 sieve is allowed. Because fly ash is 
extensively used as a grout filler, most of the grouts in the investigation con- 
tained this material. However, as the program progressed the use of waste 
fines as filler material was considered and found, in addition to producing 
concrete of greater density, to have the advantage of economical utilization. 
Grading limits for the various maximum aggregate sizes are shown in 
Table 8. Except for the lower density and economical reasons cited above, 
the grout, containing fly ash filler, used in prepacked concretes, AEP-7 and 
AEP-B-1, is considered satisfactory and the recommended mix parts are 


TABLE 8—COARSE AGGREGATE on LIMITS FOR PREPACKED BARITE CON- 


Dry hand 
Cumulative percentages passing tamped 
Maximum U.S. standard sieve sizes 
size (square Openings) Unit Percent 
aggregate, weight, voids 
in. 5-in K 1! o-in. 34-in. '4-in.| lb per cu ft 
100 > OY W)- 45 ‘ 177 +2 


95-100 | 40- 60 5 173 +2 


95-100 


*Use only in restricted areas 
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0:0.5:1.5:0.61 by weig eme TABLE 9—PREPACKED BARITE CONCRETE 
l ):0.5:1.5:0.61 by weight, ceme nt to COARSE AGGREGATE GRADING REC. 
filler to sand to water. In addition OMMENDED FOR USE IN FIELD CON- 
0.3 and 0.005 percent, by weight of STRUCTION 


cement, of Agent B and aluminum 


< 3 Maximum Screen Percent 
powder, respectively, are added. Sand 


size, in. size retained 
grading of this grout is shown in 
Table 10 (mix AEP-G-7). 

Concrete specimens of various sizes % to 144 in. 33.0 
were fabricated for the different tests 


3 114 to 3 in. 33.0 


Sto %in. | 34.0 
by first packing surface-wet coarse 
barite aggregate into the molds. After 
packing, and just prior to grouting, gto Min. | 34.0 


34 to 1) in 66.0 


the mold was flushed with water in an 

attempt to remove the rock flour and fines accumulated during packing in 
order to remove any interference this fine material might have on the free 
flow of the grout. Grout was then injected into the bottom of the mold at a 
pump pressure of 15 to 20 psi. When grout being extruded at the exit end 
of the mold appeared to have the same consistency as that being introduced, 


the exit end was closed, and grouting was stopped; however pressure was 


maintained and the specimens sealed in this condition. The specimens were 
allowed to harden under pressure for 24 hr before curing was started. After 
this period, specimens were removed from the molds and, except for specimens 
fabricated from mixes No. AE P-7 and 8, were moist cured at 73 F for 7, 28, 
and 90 days, at which time they were tested for density, compressive strength, 
and elastic properties. Specimens were made from mixes No. AEP-7 and 8 
for both moist and sealed curing at 73 F, and were tested for the same properties 
at the same ages. 


Properties of mixes selected for extensive testing in a hardened state were: 


Compressive strength, Grout 
moist cure at 73 F, psi Density, consistency, 


degrees ol 
Mix No. Filler 28-day 90-day ’ torque 


AEP-8 Barite 3380 | 3560 : 15 
AEP-7 Fly ash 3230 1300 2: 12 
AEP-B-1 Fly ash ; 2650 3500 Y 12 


4) 
7) 


— 


The two mixes containing 1!-in. maximum size aggregate varied only in 
the filler material used in the grout. Greater density was obtained from AEP-8 
concrete because of the heavier barite filler. It will be noted that the 28- 
day strengths of these concretes are approximately the same. However, at 
90 days the mix containing fly ash produced significantly greater strength. 
This is not unusual because fly ash, like other pozzolanic materials, is rela- 
tively slow in developing strength when compared to portland cement. 

In addition to specimens containing 1!5-in. maximum size aggregate, a 
limited number of specimens containing 3-in. maximum aggregate were 
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made for selective testing. The grout used in the 3-in. mixes was the same 
as that used in mix No. AEP-7. Gradings and mix properties of this mix, 
designated AEP-B-1, are shown in Table 11. 

Tests performed and the results obtained on hardened concrete are dis- 
cussed in the following section. Conventional and prepacked barite con- 
crete are compared with concrete containing a high quality natural aggregate 
similar to that used in Grand Coulee Dam. This latter concrete was sub- 
jected to a majority of the same exposures as were the barite concretes, and 
served as a common basis of comparison between the conventional and _ pre- 


packed types of barite concrete. In this discussion “conventional” and 
“prepacked”’ refer to barile concretes only. Where Grand Coulee concrete is 


compared, it is referred to by name. 


TEST RESULTS OF HARDENED CONVENTIONAL AND PREPACKED 
BARITE CONCRETE 


Specimens fabricated from mixes selected in the preceding sections were 
tested for strength, elastic properties, coefficient of expansion, autogenous 
length change, and thermal properties. These concretes, which were also 
subjected to drying shrinkage and a thermal cycle alternating between 50 
and 200 F, are: conventional 1!5-in. maximum barite, mix No. 23 (Table 7); 
conventional 1!5-in. Grand Coulee, mix No, 27 (Table 7); prepacked 1!4-in. 
maximum barite, mix No. AEP-7 (Table 11); prepacked 1!9-in. maximum 
barite, mix No. AEP-S (Table 11); and prepacked 3-in. maximum barite, 
mix No. AEP-B-1 (Table 11). In addition, the effect of iron-oxide additions 
on the thermal properties of conventional barite concrete was determined. 


General procedures 

Conventional concrete 6 x 12-in. cylinders, for strength and elastic property 
determinations, and hollow-type 8 x 16-in. cylinders, for thermal properties 
tests, were compacted by internal vibration in two lifts with a l-in. electric 
vibrator. All 4.x 4.x 30-in. prisms used in the remaining tests were filled in 
one lift and externally vibrated on a vibrating table. Prisms, 8 x 8 x 48 in., 
were internally vibrated in two lifts by means of a 2-in. electric vibrator. 

Prepacked concrete cylinders were prepared as described on p. 77. Iexcept 
for the 8 x 8 x 48-in. and a few 4 x 4.x 30-in. specimens which were cast hori- 
zontally, all prisms were grouted vertically in the same manner as were the 


cylinders. Horizontal specimens were similarly grouted except that the 


grout flowed horizontally instead of vertically. 

Length-change measurements were obtained on 30-in. prisms by means 
of a horizontal-type invar steel comparator equipped with a dial gage sensitive 
to 1/10,000 in. A fulerum plate strain gage of equivalent sensitivity was 
used to measure length change on 48-in. prisms. 


Compressive strength, elastic properties, and density 

Compressive strength, modulus of elasticity, and Poisson’s ratio were 
determined in accordance with standard methods on specimens of sizes 
commensurate with the maximum size of the aggregate. 
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Compressive strength, elastic properties, and densities of fog and sealed 
cured 6 x 12-in. cylinders fabricated from 1'4-in. maximum-size conventional 
concrete, both with and without the addition of iron oxide, are recorded in 
Table 7. All conventional concretes developed compressive strengths at 28 
days’ age from 60 to 104 percent greater than the 3000 psi specification re- 
quirement for this age. Normal increases in strength were noted as age in- 
creased. The addition of iron oxide, in amounts up to 3 percent, did not 
significantly affect the strength of concretes having the same water-cement 
ratios. The low strength value obtained in mix No. 26 was mainly the result 
of the increased water-cement ratio and not the result of increased iron- 
oxide content. Values of the static modulus of elasticity and Poisson’s ratio 
compared closely with similar values produced by the Grand Coulee concrete, 
mix No. 26. Densities of these concretes exceeded minimum specifications 
requirement of 218 lb per cu ft by approximately 3 percent. Corresponding 
values for the companion moist-cured specimens were generally higher but 
follow closely the trends established by those obtained from the sealed cured 
specimens, 

Table 11 gives the values obtained on 1!5- and 3-in. maximum-size pre- 
packed concrete, respectively. The extremely high strengths obtained from 
conventional concrete were not duplicated in the prepacked. The sealed 
cured 1!5-in. prepacked concrete (mixes No. AEP-7 and AEP-8) barely 
satisfied the minimum 28-day strength requirement of 3000 psi, while the 
sealed 3-in. prepacked concrete in 12 x 24-in. specimens developed only 2460 
psi, or 76 percent of the strength developed in the 1!9-in.-maximum pre- 
packed concrete represented by 6 x 12-in. specimens. Normally, 12 x 24-in. 
specimens develop about 92 percent of the strength of companion 6 x 12-in. 
specimens. ‘The lower strengths developed by prepacked concrete are re- 
flected in the lower values of static modulus of elasticity. However, values of 
Poisson’s ratio were unaffected. Densities of all barite concretes exceeded the 
minimum requirement by approximately 6 percent. Values obtained from all 
tests regardless of curing conditions developed the same trends. 

A comparison of the average compressive strengths developed by the con- 
ventional and prepacked barite concretes shows the conventional concrete 
(6370 psi) to have twice the strength of the prepacked concrete (3200 psi). 
The cause of this difference is conjectural; however, it appears likely that the 
coating and/or dust prevents intimate contact between the grout and sound 
aggregate. This condition does not exist to the same degree in conventionally 
mixed concrete because of the impact and grinding action which apparently 
removes and incorporates in the mix much of the loose coating and dust. 
Drying shrinkage 

All specimens for drying shrinkage tests were sealed in copper jackets and 
cured at 73 F for various periods. At the end of these curing periods, the 
copper jackets were removed and the concrete was dried at 50 percent relative 
humidity, 73 F, for 6 months. Length change was measured at regular inter- 
vals during this period, after which the specimens were tested in flexure for 
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modulus of rupture, static modulus of elasticity, and compressive strength of 
modified cubes. 

Drying shrinkage data (Fig. 6) show that the barite concretes are much less 
affected by drying than the concrete containing Grand Coulee aggregate. 
After 90 days of drying, and assuming the drying shrinkage obtained from 
the conventional concrete as 100 percent, the prepacked concrete shrank 
only 33 percent, while the Grand Coulee concrete shrank 125 percent. When 
companion conventional and prepacked specimens were subjected to drying 
at 14 days’ age, the shrinkage of the prepacked concrete was less than that of 
conventional concrete, but in this case increased to 75 percent. No shrinkage 
tests were performed at this age on Grand Coulee concrete. Moisture loss 
of the prepacked concrete dried after 14 days’ curing was quite rapid and much 
greater than expected, which may account for the high early shrinkage shown 
Total shrinkage of these 
specimens may be obtained a ay ee 
by adding the drying shrink- te an 
age to the autogenous -— Barite Prepacked- AEP-8 


shrinkage. = Baas ay | ; 


Thermal cycle (50 to 200 F) 


+ + 
' 


Prisms tested in the |Autogenous Shrinkage-4 «4 x 30-Inch Prisms) 


thermal cycle were initially —— ie oe Oe m8 Se 
> 
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measured at 3 days and _ 
cured at 73 F in sealed 


containers for 28 days be- 











Drying d 3 ach Prisms] 


fore exposure to the 50 to 
200 F thermal cycle. In 
this cycle, the temperature 
was alternated between 50 
and 200 F for a complete 
cycle every 12 hr. Length 
change and dynamic mod- 
ulus* were measured weekly 
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at early ages and less often 
at later ages. Specimens 
were subjected to this cycle 
for periods of 28, 90, and 
180 days, then tested in 
flexure to obtain the static 
modulus of elasticity, f mod- 


| Specimens Dried at 50% RH 
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WEIGHT LOSS 


pressive strength of the AGE IN DAYS 
modified cubes. Fig. 6—Length change of concrete prisms subjected 
to various curing conditions 


*ASTM Designation C 215-47T. 
tObtained by measuring the deflection of the prism with the load applied at a distance from the supports equal 
to the depth of the priem 
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iiffect of the thermal cycles on various properties of conventional, pre- 
packed, and Grand Coulee concretes are shown in Fig. 7. Autogenous shrink- 
age took place during the 28 days the sealed specimens were stored at 73 F. 
Expansion of specimens was coincidental with the application of thermal 
variations. ‘The maximum gross expansion any individual specimen attained 
was 265 millionths. Usually, however, the copper jackets could not with- 
stand the stresses imposed by the thermal cycle and leaks appeared which 
permitted the concrete to lose moisture and shrink. Leaks were resoldered 
upon discovery, but even so between 50 and 60 percent of the original mixing 
water was lost. For comparison, less than 30 percent of the original mixing 
water was lost during the controlled drying shrinkage tests. The curves in 
Vig. 7 show the average net length change of the specimens caused by the 
thermal cycle and shrinkage from loss of moisture. 

Between 80 and 120 days the prepacked barite specimens expanded approxi- 
mately 100 millionths. This expansion was due to incipient failure of the 
concrete which was subsequently reflected by low flexural strength, low 
dynamic and static modulus of elasticity, and visible cracks. Neither of the 
conventional concretes manifested this secondary period of expansion. 

Dynamic modulus of elasticity of prepacked concrete was 85 percent of 
that developed by the conventional concrete at the beginning of the thermal 
cycle (28 days age), however it was reduced to only 50 and 40 percent after 28 
and 90 days exposure, respectively, to the thermal cycle. Statice modulus of 
elasticity followed the same trend. 

Flexure tests on the prisms before exposure to the cycle showed prepacked 
concrete to have a modulus of rupture 75 percent that of either conventional 
or Grand Coulee concrete. After exposure to the cycle for 28 days, this value 
decreased to 43 percent. 

At 28 days’ age (before cycle) the compressive strength of modified cubes, 
representing prepacked concrete containing fly ash filler, was 60 percent of 
the average obtained from conventional and Grand Coulee concretes. Tow- 
ever, at 56 and 120 days’ age, the prepacked concrete gained strength, rela- 
tively, to about 75 percent. This relative increase in strength at the later ages 
may be attributed to the fly ash which, like most pozzolanic materials, gains 
strength slowly. At 210 days’ age the prepacked concrete which contained 
barite fines filler (AEP-8) developed only 94 percent of the compressive 
strength developed by the mix containing fly ash. 

In summary, conventional concrete compares favorably with Grand Coulee 
concrete when subjected to a severe thermal cycle. Conversely, prepacked 
concrete does not compare so favorably and is damaged much more severely 


in this exposure. 


Thermal coefficient of expansion 

Thermal coefficient of expansion measurements were made by subjecting 
continuously sealed specimens to temperatures of 43, 73, and 103 F and ob- 
taining length measurements at these temperatures through three repeated 
cycles. Each temperature was maintained for approximately 20 hr. 
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The thermal coefficient of expansion obtained from both prepacked and 
conventional concrete was 10 * 10°° in. per in. per deg F. This is almost 
double the coefficient of Grand Coulee concrete, which averages 5.5 * 10°-°. 


Autogenous length change 


Autogenous length change was obtained by measuring sealed specimens 
maintained continuously at 73 F. Conventional concrete had slightly less 
shrinkage than Grand Coulee concrete whereas prepacked developed approxi- 


mately three times that of the conventional concrete (Fig. 6). It is noted that 
prepacked barite contair‘ng grout GS attained its maximum autogenous 
shrinkage at 7 days’ age or only 4 days after its initial reading. Final auto- 
genous shrinkage of the two prepacked concretes check quite closely. 

Thermal properties (specific heat, conductivity, diffusivity) * 

Thermal properties tests of all barite concretes were performed on 8 x 16- 
in. hollow cylinders having a 31%4-in. wall thickness. Conventional concrete 
cylinders were cast with the 1! 5-in. hole through the center, whereas prepacked 
specimens were grouted as a solid cylinder and the core hole drilled through 
the hardened concrete. Specimens were moist cured at 73 F for 14 days. 

Conventional and prepacked concretes had very low values of specific 
heat, thermal conductivity, and diffusivity as compared to Grand Coulee 
concrete, Tabulated below are the values obtained on the barite concretes 
as compared with Grand Coulee concrete, all values being computed for a 
temperature of 70 I: 

Specific heat, Conductivity, 


Type of concrete Btu per lb Btu per ft per hr Diffusivity, 
per deg F per deg F sq ft per hr 


Conventional barite BY 0.893 0.0259 
Average concrete : 1.5 0.042 
Prepacked barite* 0. 880 0.0270 
Grand Coulee 1.08 0.31 


*Average of all prepacked specimens tested 


Because prepacked concrete contains less water than conventional con- 
crete, lower values for specific heat but slightly higher densities were obtained. 
The slight increase in density, however, did not result in an increase in con- 
ductivity. The lower specific heat did not significantly affect diffusivity. 
Neither did variations in the grout mixture or in the maximum size of the 
coarse aggregate significantly influence any of the thermal properties (Fig. 
8). In this figure, values for prepacked concrete are an average of the results 
obtained from the three different mixes tested. 

Ifforts to increase the thermal conductivity of conventional barite con- 
crete by additions of 1, 3, and 5 percent iron oxide resulted in an increase 
of less than 1 percent for each percent of iron oxide. Although no increase 

*For complete details of conductivity tests, reference is made to ‘“Thermal Properties of Concrete,”’ Boulder 
Canyon Final Reports, Part VIL, Cement and Concrete Investigations, Bureau of Reclamation, and Laboratory 


Report No. CE-39, ‘Revised Calorimeter for Determining Specific Heat of Concrete,” Bureau of Keclamation 
May 15, 1942, 
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Fig. 8—Thermal properties of concretes with barite 
aggregate 


terials composed of fine 
barite, iron oxide, and clay, 
mixed with small and inconsequential amounts of quartz, chaleedony, and zeo- 
lites, the latter two being rock types known to be reactive with alkalies in 
cement. As the aggregate size is reduced by crushing, the fractures become 
fewer and less apparent since the barite breaks along these planes of weak- 
ness. The effect of fracturing is reflected in the high losses sustained by the 
barite gravel in the abrasion and sodium sulfate soundness tests, and the 
poor resistance to freezing and thawing of the non-air-entrained concrete 
containing this aggregate. On the basis of these tests (Tables | and 2) barite 
is definitely not of first quality for use as concrete aggregate. It was, 
however, found to be satisfactory in the remaining tests performed (Tables 
1, 2, 3 and Fig. 1) and since the concrete developed adequate strength and 
density, and was not to be subjected to freezing temperatures, the barite 
was considered acceptable. If exposed to freezing conditions, barite should 
only be used in concrete containing purposefully entrained air 

Table 12 gives a brief resumé of results of tests on various concretes 

xcept for its heavy weight and its poor physical quality, barite behaves 
similarly to crushed aggregates commonly used for making concrete, and the 
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same grading, mix proportions (by volume), and types of compaction can be 
used (Tables 4-7). 

A conventional barite concrete (mix 23, Table 7) containing 1!4-in. maxi- 
mum-size aggregate of 1:4.6:6.4 parts, 1 percent plasticizer, and having a 
water-cement ratio of 0.58, all by weight, was satisfactorily workable, weighed 
approximately 230 lb per cu ft at 28 days and produced a minimum com- 
pressive strength of 6130 psi at the same age. 

Satisfactory prepacked concrete of 1'4-in. maximum size (mix AEKP-8, 
Tables 10 and 11) was obtained by packing aggregate in the amount of 34 
percent, 14 in. to 34 in., and 66 percent, 34 in. to 114 in. in the mold to a 
minimum of 33 percent voids and filling the voids with a grout of 1:1.5 parts 
cement to crusher run sand passing a No. 30 sieve, 0.3 and 0.01 percent by 
weight of cement Agent B and aluminum powder, respectively, and a water- 
cement ratio of 0.52. 

Densities of hardened conventional and prepacked concretes of 11%-in. 
maximum size aggregate were approximately the same, having average values 
of approximately 230 Ib per cu ft. As in the case of natural aggregate, the 
density of barite concrete increased as the water-cement ratio and/or maxi- 
mum-size aggregate used in the mix increased (Fig. 2 and 3). 


Conventional concrete made with barite aggregate of 34-, 114-, and 3-in. 
maximum size, when fog cured or sealed cured for 28 days developed unusually 


high compressive strengths, the 1'4-in. maximum-size concrete developing 
in excess of 6300 and 3500 psi for water-cement ratios of 0.53 and 0.90, re- 
spectively (Fig. 4). In contrast, prepacked concrete containing 1!5-in. 
maximum-size barite aggregate developed only 3340 psi at the same age, 
and the 3-in. maximum size did not develop the required 3000 psi until 90 
days’ age (Table 11). 

In parallel tests, drying shrinkage of the Grand Coulee concrete, which 
has an excellent service history, exceeded the drying shrinkage developed by 
both the conventional and prepacked barite concretes. Of the two types of 
barite concrete, prepacked sustained the least drying shrinkage (Tig. 6) 

Conventional barite concrete withstood repeated severe thermal cycles 
of 50 to 200 to 50 F as did the concrete containing the Grand Coulee aggre- 
gate, and both showed little distress after 180 days’ exposure in this test. 
Conversely, prepacked concrete was severely damaged as evidenced by visible 
cracking and reduced strength and modulus of elasticity (Fig. 7). 

At 28 days’ age the compressive strength of modified cubes and flexural 
strength (modulus of rupture) of sealed specimens fabricated from prepacked 
concrete were approximately 60 percent of that developed by similar specimens 
fabricated from conventional barite concrete, which in turn developed slightly 
higher compressive strength and slightly lower flexural strength than did the 
Grand Coulee concrete. 

Thermal coefficient of expansion for both types of barite concrete is 10 x 
10-° in. per in. per deg F (Table 12). This is a very high value, approaching 
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that of neat cement, and is approximately twice that of conventional concrete 
using natural aggregate, which averaged 5.5 & 10°. 

Autogenous length change of prepacked concrete was three times that of 
the conventional barite and Grand Coulee concretes (Fig. 6). 

Specific heat, thermal conductivity, and diffusivity of conventional and 
prepacked barite conecretes are approximately equal but only about one-half 
as great as those obtained from conventional Grand Coulee concrete. Varia- 


tions of the grout mixture and/or the maximum-size aggregate result only in 


minor variations in the thermal properties of barite prepacked concrete 
(Fig. 8). The addition of iron oxide to conventional concrete increases the 
thermal conductivity approximately | percent for each percentage of iron 
oxide added. 

Conventional barite concrete is superior to prepacked barite in virtually 
all respects, and many of its properties compare favorably with those of 
conventional concrete containing a high quality natural aggregate. 


ACKNOWLEDGMENT 


The authors are grateful to the Atomic Energy Commission, Arco, Idaho, 
for permission to present the material incorporated in this paper. Tests were 
made in the Denver laboratories of the Bureau of Reclamation, which are 
under the direction of W. H. Price, chief, Engineering Laboratories Division. 
All design, construction, and research work of the Bureau is under the super- 
vision of L. N. McClellan, assistant commissioner and chief engineer. 


REFERENCES 

1. Cruetz, F., and Downes, Wk., “Magnetite Concrete for Radiation Shielding,” Journal of 
Applied Physics, V. 20, 1949. 

2. Gugelot, P. C., and White, M. G., “Shielding Qualities of Different Concrete Mixtures,’’ 
Journal of Applied Physics, V. 21, 1950. 

3. Delano, V., and Gordmore, C., “Shielding Properties of the Concrete Wall of the MIT 
Cyclotron,” Journal of Applied Physics, V. 21, 1950. 

4. Pavlish, A. k., and Wyord, J. o., “Coneretes for Pile Shielding,’’ AEC D-3007, 1948. 

5. Bureau of Reclamation Materials Laboratory Report No. C-577, contained in Atomic 
nergy Commission Report No. [DO-24003, “Barytes Aggregate Concrete Applied to Reactor 
Shielding,” Idaho Operations Office, Idaho Falls, Idaho. 

6. Price, W. H., and Kretsinger, D. G., “Aggregates Tested by Accelerated Freezing and 
Thawing of Conerete,”’ Proceedings, ASTM, V. 51, 1951. 

7. Mielenz, R. C., and Witte, L. P., “Tests Used by the Bureau of Reclamation for Identify- 
ing Reactive Concrete Aggregate,”’ Proceedings, ASTM, V. 48, 1948 





Title No. 51-4 


One-Piece Reinforced Plastic Forms for Assembly 
Line Production of Thin-Shell Concrete 
Roof Sections 


By GEORGE P. DUECY and JOHN L. HUTSELLT 
SYNOPSIS 


Description of method of producing thin-shell precast concrete sections iD 
adapting assembly line techniques and securing maximum use of lightweight 
plastic forms. Covers briefly form design, reinforcing assembly, form assembly, 
concrete placing and curing, stripping, job applications, and costs. The panels 
area U.S. Navy Bureau of Yards and Docks design, 4'9 ft wide, 20 ft long, with 
al 4 in. shell thickness, and & in deep side beams The forms are a one poder 


steel-reinforced five-ply laminated glass-fiber form of approximately 160 sq ft 


INTRODUCTION 


Various methods of casting and using thin-shell, precast conerete structural 
elements in modern construction have already been deseribed in the JourNnau.} 
The following discussion is concerned with a method of producing these units 
by adapting assembly line techniques and securing maximum use of lightweight 
laminated Fiberglas forms. 

The panels are a U.S. Navy Bureau of Yards and Docks design. They are 
1 ft Gin. wide, 20 ft long, with a 1% in. shell thickness, and 8 in. deep side 


beams. Six in. deep transverse beams on 4-ft centers support the thin shell 


FORM DETAILS 


A previous project on similar type panels using a combination glass-fiber 
concrete, steel, and wood form set-up, and employing conventional casting 
procedures, defined the need for a light, portable, leakproof form which would 
withstand multiple uses and yet allow maximum heat transfer to facilitate 
rapid steam curing 

A one-piece, steel reinforced, five-ply, laminated Fiberglas form of approxi 
mately 160 sq ft was developed to meet these requirements. leach form ts a 
single sheet of plastic approximately 1 in. thick. It is supported on wood 
ribs ina frame composed of 8-in. steel channels braced diagonally with 2 x 2-in 
steel angles (Fig. | The pan structure and sides are all one unit, only the 

*Received by the Institute October 8, 1054 Pitle No. 5 1 part of copyright 
Concrete Ineriretre, V. 26, No. 1, Sept. 1954, Proceeding | Separate p 
Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, I 
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end bulkheads being free. 
Twelve steel wedges hold 
the end bulkheads and are 
the only fasteners required 
on the form. 

Although the plastic 
forms have a high initial 
cost of about $5 per sq ft, 
they are virtually inde- 
structible. Any holes that 
may occur can be patched 
easily. The forms are light- 


Fig. 1—Form and cart underside assembly 


weight and can be moved 
by hand 

Cleaning and assembly are simple. For mobility, the forms and frames are 
mounted on platforms equipped with flanged wheels, enabling them to roll on 
rails (Fig. 1). The forms are on rails at all times during cleaning and assembly 
and can be shifted whenever necessary. 

The plastic form is easy to clean and requires only light wiping between 
uses. The form lubricant used is a 350-weight form oil, cut back with diesel 
oil. This solution has excellent bond breaking properties and does not tend to 
stain the panels, 


FABRICATING DETAILS 


Reinforcing assembly 

The reinforcing bars consisting of two # 5 tension bars, two # 4 com- 
pression rods, and # 4 tension rods in the transverse beams are weld-joined 
into a rigid cage in a jig fixture. The 2 x 2-10/10 welded wire fabric is rolled, 
cut, and bent on an air-actuated wire brake and then fixed to the reinforcing 
cage. The completed unit is then transported by a hoist on a monorail to the 
form assembly platform and placed in the form or stockpiled 


Concrete placing 

The assembled forms are moved to the casting line by a 2-ton hoist and 
placed on a line of rails which runs from the casting area, through the curing 
kiln, and to the stripping area. The mix, with °¢-in. maximum-size aggregate, 
contains 8 bags of cement per cu yd. The concrete is placed at a 2-in. slump 
from either a ready-mix truck or from a bucket suspended from the monorail, 
Iixternal vibration is supplied by an air vibrator mounted on the form and 
also from another vibrator mounted on a heavy channel strikeoff screed. Re- 
sults are uniformly satisfactory and provide a dense fine-textured concrete 
with a relatively dry mix. 
Curing 

The panels are floated, edged, and then rolled to the kiln and allowed to 
stand approximately | hr before steam is introduced. The kiln is a temporary 
structure 40 ft long, 24 ft wide, and 40 in. high, constructed of 12-14. pumice 





THIN-SHELL ROOF SECTIONS 


block walls, raising end doors, and precast 
roof panels covered with 4 in. of pumice 
aggregate for insulation. The kiln tem- 
perature is a maximum 140 F, which is 
sufficient to give rapid curing as the form 
and kiln design permit complete envelop- 
ment of the form by steam at all times 


Stripping 

After 5 hr of steam curing, during which 
the concrete has attained a compressive 
strength of S00 to 1200 psi, the forms 
are rolled from the kiln out to the stripping 
area. The wedges are pulled down from 
the end bulkheads and the side sections of 
the forms wedged out. 

A fork-lift truck equipped with a high- 
lift tower is used in stripping the forms. A 
horizontal axle with large steel pulleys 


Fig. 2—Lifting and rotating assembl y 


at both ends is set on a steel I-beam across mousted on tawer tock Uh 


the forks (Fig. 2), the assembly being raised 


about 12 ft off the ground. Flexible 8-ply belting, 8 in. wide, is placed over 


both pulleys to pick up a panel and the rolling platform to which it is attached 

Balanced in the belts, the forms can be turned over easily by one man (Fig 
l and 3 \fter the form and panel are rotated 180 deg, an air brake on the 
pulleys stops the belts and the panel is placed on bearing blocks set at the 
one-fifth points of the slab. 

With the concrete panel underneath, the form frame is tied to the truck 
forks with chains and then pulled loose by raising the forks with the belts 
removed. The belts are placed back over the frame, which is rotated to normal 
position, and moved to the assembly track in one operation Phe company 
is applying for a patent on this method of form stripping 

Panels are moved by lift truck to the storage area and placed in an inverted 
position, filled with water for curing, and left to attain the specified strength of 
1000 psi, which requires about 84 hr. The 14-day strength is about 6200 psi 
and the 28-day strength is in excess of 7000 psi. Test cylinders are made 
with every pour and the pane] strengths field checked by means of a Schmidt 
testing hammer 

CONCLUSIONS 

The production of approximately 800 panels using this casting procedure 
has indicated a definite saving in man hours expended per panel, both from a 
production and from a form maintenance standpoint. The forms are still in 
use and with minor repairs should adequately handle another 100,000 sq ft of 
panels. The accuracy of length and width is easily secured, but care must be 
taken to insure equal height of all panels 
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From experience in the 
production of the panel on 
three separate contracts 
which included eight large 
buildings, the authors have 
established a policy that in 
the future they will only 
sell the panels installed 
This conclusion is forced 
upon the producers because 
where they placed the 
panels with their own 
organization no difficulties 





were experienced with the 

owner, the general con- 

Fig. 3—Panel and form being rotated tractor, or any of the other 

subcontractors. On — the 

work where the panels were placed by the general contractor, small difficulties 

resulted in serious costs due to the lack of understanding by the general con- 
tractor’s erection crew 

Regarding costs, a generalization could be made from the following. On 

spans of 20 to 25 ft for normal roof loading where the panels can be placed 

by a truck crane and where a sufficient sized roof to cover set-up costs is in- 


volved, the cost will be between $1.00 and $1.15 per sq ft in place. This cost 


would include the grouting, welding to precast or steel beams and painting 
of welds. The roof would then be ready for the roofing subcontractor. Grrout- 
ing of the joints can, in the authors’ opinion, best be done with a bituminous 
emulsion cement grout; the plastic joint strips used on some jobs have only 
resulted in high costs with no benefits. 

The exposed underside of these roofs has an architectually attractive 
pattern. The application of Fiberglas insulation to the roof surface betore 
the application of roofing should allow the use of this attractive construction 
for schools and all types of commercial buildings as an exposed surface. The 
plastic forms leave a perfect surface and the use of modern slim-line lighting 
fixtures on alternate longitudinal ribs would provide a low-cost: low main- 
tenance ceiling surface. Associated Sand and Gravel Co. has also produced 
these panels for use as floor panels. For such use the panels must have con- 
siderable built-in) camber 

Such developments as this and others previously mentioned in the ACT 
JourRNAL should, in a short time, place the precast concrete industry in a 
position to successfully compete for a great portion of the roof and = floor 
market now held by other types of material. 
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Compacting Concrete by Vibration (LR 51-1) 


It. is unfortunate “Vibra- 
Tuthill chose 


“48 “an example ol @Xx- 


that in his article 
Mass Conere te’ ft Mi 
Tignes Dam in Franee 


tion of 


ploiting the full capabilities of vibrators by 


use of low cement and sand content mass 


concrete mixtures because of the radical con 
crete design practices used on that project 
\ far better example would have been the 
record achieved by the Corps of Eengineers in 
Pine Flat the 
central California Here 
without resorting to gap grading or the use of 
large aggregate, 
produced an 


the construction. of Dam on 


Kings River in 


uneconomically there was 


successfully interior mass con 


erete mix using onl 2 sucks of cement per 


cu yd, and a nominal sand to total aggregate 
ratio of IS This 


tot il interior concrete 


percent mix Was used in 
more than half of the 
placed in this 440-ft high gravity dam 
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able features, such as volume change and heat 


control, is extremely wasteful of cement 


\ more realistic approach is to reduce the 
cement content progressively as the height 


of the dam increases. To state it another 
way, the cement factor of the interior concrete 
in a gravity dam should not remain constant 
but should be varied according to the actual 
stress demands in various parts of the strue- 
ture and always be the minimum possible of 
achievement commensurate with proper work 
ability 


and strength requirements. —lespeci- 


Moment Distribution Shortcuts (LR 5 


For frames with relatively stiff columns, 


the conventional Hardy Cross method is an 


excellent solution as the distributions con 


verge rapidly However, for frames with 


flexible columns Or CiSCS where columns are 


not directly connected to the frame under 


consideration, the rate of convergence mas 
be slow requiring numerous cycles. For such 
cuses the 


following modifications «are suy 


este d 


Assume the end span fixed at the interior 


support as usual At the exterior 


support, 
however, apply the actual restraint (instead 
of fixed end moments) 
Table 1 IVES 


efficient ¢ and stiffness factor k for any value 


as shown in Fig. TA 
values of the carry-over co 
of the joint coefficient J The table also ives 
1B, 1c 
The modified moment distribution 


various f values explained in’ Fig 
and 1D 
procedure is as follows 

1. Obtain AK 


columns it is necessary 


values for all members. For 
to consider the condi 
at the far ends. (If fixed, k 


0.75.) Determ 


tion of restraint 
| For hinged ‘ nds, / 
ine S Ak for columns at 


a. * ‘onsider end 


a joint 


Sp LTS Compute J and 


obtain k and ¢ values from Table 1 It is 


convenient at this time to write down any f 
value that may be required 
Fig. 1B, 1C, and 1D 


matter 


Familiarity with 


makes this an easy 
3. For any interior joint, write the joint 
distribution coefficients as shown in Fig. LE 
This procedure is the same as for the conven- 
tional Hardy Cross method except that the 
interior end of the end Span has a value Kk 
instead of K. 
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ally now that it has been demonstrated that 
lean mass concrete mixes can be produced 
with a satisfactory degree of imperviousness, 
it is just as logical to reduce the cement con- 
tent per cu yd of conerete in a dam as the 
head decreases as it is to reduce the thickness 


of steel in a penstock as the head is reduced 


W. G. Mircuecr, Concrete 
Engineer, Knappen-Tippetts- 
Abbett-MeCarthy, Engineers, 
Seyham Dam, Turkey (form- 
erly Concrete Engineer, Corps 
of engineers, Pine Flat Dam) 


1. Write the 
adjustments at the 


fixed end moments 


Apply 


end spans through / 
values 

5 Compute the unbalanced moments. Use 
the carry-over coefficient of 'o for all interior 
Spins 


Note 


ment 


For an end span the value ¢ applies 
that there is not any unbalanced mo 
at the end support since the use of J 
values precluded this 

The examples in Fig. 2A to 2K explain the 
method in detail 
flexible 


iis mentioned above and Many differe nt con- 


Where the columns are relatively 


ditions of loading are to be investigated, a 
single evcle method may be worthwhile. The 
procedure would then be to obtain stiffness 
factors and earry-over coefficients for the en 
tire trame Any unbalanced moment may 
then be distributed among the members at a 
joint and carried right or left through the use 
of ¢ values, one value to be used when a 
moment is carried from one end of a beam to 
the other end, another ¢ value to be used when 
a moment is transmitted through the joint to 
the adjacent beam 

Table | may 


in the same manner 


be used for any interior span 
that it was used for an 
end span. For the interior joint it is nee- 
essary to include the Kk value for the ad ja- 
Therefore J K (for the mem 
sum of Ki 
for columns plus Kk for the adjacent beam. 
(As an 


solved in Fig 


cent beam 
ber considered) divided by the 
example, the frame in Fig. 2B is 
3 through the use of a one- 
eycle method 


Ute T. Bere, Structural 
Engineer, New York, N. Y. 
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SIGN OF MOMENT. A moment is considered positive (+) when the external 
moment at the end considered is clockwise 
SYMBOLS: 


Et if 
fer* For ony member K= 7 | For Columns 


| 

|< C)} Carry over coeff. for beams. Sign does not change 
|\£€! Carry over coeff at a support. Sign changes 

| M Fixed End Moment’ or F ) 
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Factors Which Influence Shrinkage of Concrete (LR 51-3) 


The development of prestressed concrete 
has given a renewed impetus to the study of 
shrinkage and creep of concrete in the en- 
deavor to reduce the loss of stress in the 
steel. It has been proved that maximum 
the aggregate and grading of the 
aggregate have an important influence on 
shrinkage 


size of 


It, is recognized that in so far as 
shrinkage depends on the composition of the 
cement, important factors are the propor- 
tions of gypsum and caustic alkalies, and the 
amount of tricalcium silicate, in the cement 
It is usually considered that over and above 
these influences the prime cause of shrinkage 
of concrete is the loss of water through 
The 


picture as it Is 


evaporation from the cement gel 
that the 


briefly reviewed here and thoroughly in the 


writers believe 


recent paper by Davis and Troxell* leaves 


out one important influence that of carbon 
dioxide and the extent to which carbonation 
has taken place in the concrete. 

The writers have found that mortar speci- 
mens stored in air (ASTM C157-52T) gain in 
weight after 4-7 days owing to carbonation, 
and that when the gain in weight begins the 
rate of shrinkage decreases. Mortar speci- 
mens stored for 28 days in an atmosphere of 
carbon dioxide had only about a quarter the 
shrinkage of corresponding specimens stored 
in air at 70 F and 65 percent relative hu 
midity. Storage in carbon dioxide was also 
found to produce considerable increases in 
strength as compared with specimens stored 
in air; the increases are comparable with 


those obtained by autoclaving. It has been 


notable that in the 


specimens stored in 
carbon dioxide the amount of carbon dioxide 
taken up during 28 days is sufficient to con- 
vert about 75-80 percent of the CaO in the 
cement to the carbonate, and is thus about 
three times in excess of the amount required 
to carbonate the Ca(OH), produced during 
(The 
degree of carbonation has been found in the 
surface 


the hydration of the cement. same 


layer of a piece of concrete three 
years old ) 

These are the effects obtained when speci- 
mens are introduced into an atmosphere of 
carbon dioxide immediately after demolding. 
If the specimens are allowed to dry out for 
several days before being introduced into the 
carbon dioxide, instead of a reduction in 
shrinkage, there is a sharp increase and the 
comparative gain in strength is less 

The work mentioned here is still in its early 
stages and the results given are in the nature 
ola 


progress report, because they are suf- 


ficiently worthwhile 


drawing attention to this important influence 


interesting to make it 
on concrete shrinkage. It 
that the 


pieces of concrete, in comparison with small 


may be, for in- 


stance, slower shrinkage of large 


specimens, is related as much to the delayed 


carbonation at the center of a large mass as 


to its slow drying 


FRANK A. Briakty and Ivo 
Leper, Division of Building 
fesearch, Commonwealth 
Scientific and Industrial 
Research Organization, Mel 
bourne, Australia 


Is Ultimate Design Theory Ready for Codification? (LR 51-4) 


engineering literature already contains 


several simple and = direct. approaches to 


ultimate design theory. However, before 
these methods can be incorporated in build- 
ing codes, a great many details will have to 
be worked out 

The 


writers of any building code is the vast dis 


greatest problem confronting — the 


parity of ability of the many thousands of 


designers. Consequently, a high degree of 


freedom of judgment permitted a capable 


and experienced designer might be disastrous 


*Davis, R. E., and Troxell, G. E., 
ACI Jounmnat, Jan. 1054, Proce. V. 


Properties of 
UO, pp. 381-301 


if permitted the inexperienced designer. And 


very often a designer with considerable ex- 


perience, who can capably follow rules. or 
instructions, will be quite incapable of using 
sound judgment 

It appears to me that ultimate design at 
present leaves too much to the judgment ol 
the designer, unless the codes establish fae- 
tors of safety, the nature, importance, and 
desired life of different types of structures, 
possible deterioration caused by environment, 


and the many other factors which must be 


and Their Influence on Prestress Desig: 
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that 
possibly 20 percent of all designers can be 


considered Ny experience has shown 
trusted to make an intelligent and informed 


evaluation of any set of factors which can- 


not be reduced to a mathematical equation 


Allowable stresses 
Another 


codes is the application of one set of allow- 


weakness in existing building 
ible stresses to all types of buildings and to 
all floors and the roof of these buildings. For 
instance, a warehouse, with a possible load 
ing of 500 psf, or more, is designed with the 
same 20,000 psi steel stress that is used in the 
design of an apartment building having a 
10 pst 


warehouse floor is much more likely than the 


live load of only The overloading ola 


overloading of an apartment building floor 
And there is less chance of overload of a roof 
than there is of a floor With the present 
codes, if a competent de signer were allowed to 


Stresses 


doll irs 


evaluate a few factors and = vary 


weordingly, millions of construction 
could be saved 
convinced that 


I am not at all ultimate 


design will, if finally adopted, be a great im 
| £ 

provement over what could be accomplished 

by simple changes in existing codes. If the 


incorrectness of the assumed straight-line 
stress variation is very important, some other 


Any 


small concrete mem 


variation could be adopted method 


which results in unduly 


bers will be dangerous and troublesome 


Certainly, “an method which requires de- 


flection calculations for virtually every 


will not make 


Their 


increased so mus h by 


member practicing engineers 


happy overhead already has been 
time-consuming analy 
ses that profits have almost vanished. In my 
is such 
More 


consideration in 


Opinion, the very nature of concrete 


that a reasonable mass is required 


over, Is economy & primar 


» 


the trend toward ultimate design? If so, one 


good approach to economy would be an 
effort to 
field 


wenkest 


obtain better workmanship im the 


Poor workmanship ippears to be the 


point in the whole construction in 


dustry, because designers are forced to take 


such things into consideration 


Workmanship and design 


Some designers have equations meet up sO 


aus to make provision tor poor concrete on 


some jobs I think this is bad psychologic ally, 


because it will appear to the contractor that 


And 
concrete, he 
The 


problems of the engineer were increased many 


the engineer is expecting poor concrete 
if he 
will have to condone other defections 


condones the use of poor 


times when contractors and construction 


factor of 
lack of 


due to a 


superintendents became aware of a 
And the 
quality 


safety present general 


interest in concrete is 


realization, either conscious or subconscious, 
that there is a factor of safety 

Moreover, the “informed” steel placer 
knows there is a factor of safety in the steel; 
so he frequently cheats the designer out of 
14 to 1 in. of effective member depth. Some- 


times a decrease of | in. in effective depth 
That is why 
“No 


provision need be made for variations in steel 
as the 


can be a rather high percentage 


I disagree with such statements as 


strengths, yield strength values com 


monly used are guaranteed minimums.” 


Steel quality is normally good, but it is not 
Having once worked for a steel 


that 


infallible 
material can 
Only 


superior supervision can offset the defects of 


company, I know interior 


get into the job, despite all precautions 


the steel placer, but superior supervision. is 
more uncommon than good concrete 
Instead of providing in the equations for 
poor concrete, I think we should do whatever 
to get concrete which meets re 
One effec 


If Hecessary 
quirements of the specifications 
the 


remove unusually poor concrete and replace 


tive course Is to require contractor to 


it with material of the proper quality Some 
two yeurs ago | h id a contractor remove about 
200 yds of 2000-psi concrete which was sup 
SOOO pst Since that this 


posed to bn tire 


particular contractor has been interested in 


quality concrete 

Another 
the minimum number of bags of cement per 
lor SO00-psi con 


effective procedure Is to specily 


cubic yard. In my work, 


crete, the number between 5 and 6 
bags The 


tractor the idea that 


ranges 
ive the 
invthing less than 4000 
wot ptable ind 


practices does not con 


pri will be the 6-bag Tix 


while compensating lor lack of strict control 


and the many other deficiencies found in 


construction work, is cheaper than designing 


for some strength which may be obtained 


Should the contractor learn that the design 
anticipates a strength less than that specified, 
with a strength 


he will probably come up 


even less than that anticipated 
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Among designers there is also some dis- 
agreement as to what constitutes objection- 
able cracking. From the owner’s viewpoint, 
any cracking is objectionable. I know archi- 
tects and engineers who have lost clients as 
a result of a few harmless cracks in concrete 
buildings. The layman simply cannot under- 
stand why properly-designed buildings should 
erack. And while averting of all cracks is 
rather difficult, if that is what it takes to 
I think the design should be 
done accordingly. 


satisfy clients, 
The added cost is slight, 
and a satisfied client is worth many pounds of 
steel 

In some 25 years of concrete design ex- 
heard of a building 


perience, [ have never 


Simpler Column Ties (LR 51-5) 


In his letter on simpler column ties,* Mr 
Beeth calls attention to a subject of consider- 
able importance. Modern practice tends to 
use maximum vertical reinforcement, and in 
such cases the crowded mesh of ties not only 
creates a costly nuisance but also invites bad 
concrete 

A great variance of judgment of the value 
of ties is reflected in various foreign codes and 
ACT 318-51 
of a “lateral support, equivalent to that pro 


textbooks. The requirement of 
vided by a 90-deg corner of a tie,” has practi 
cally eliminated the use of simple interior 


cross-ties, or diamond shaped ties, which 
were permitted earlier according to the Joint 
teport of 1940 


Mr. Beeth states the arguments well and 


Committee 


this matter of column ties merits thorough 
review and clarification, quite likely requiring 
further research along the lines indicated in 


*See “Simpler Column Ties (LR 50-15 
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failure, or a near failure, resulting from use of 
the ACI 


was exercised in using the code. 


Code where reasonable judgment 
It. is diffi- 
cult, if not impossible, to write a foolproof 
which 


without 


building code, one may safely be 


followed literally and the addition 


of a bit of common sense. 

Despite this rather longwinded discussion, 
and what might appear to be adverse criti- 
cism, I think that ultimate strength design 
ultimately re- 


has merit, and will no doubt 


place existing methods 


I. E. Morris, [. E. Morris 
and ingineers 
and Atlanta, 
Ga 


Associates, 
Consultants, 


his letter. The Building Code gives the im- 
pression that ties are simply lateral members 
forming a structural vertical bars 


Actually 


concrete and reinforcing steel and the action 


eage ol 
there is a complex Interaction ol 


of interior ties may well be of minor im- 


portance 
Related to this subject is the anchorage of 
compression reinforcement in flexural mem- 


bers. Literally, stirrup-ties are required for 
all such compression steel, yet practically no 
this 


long as concrete alone can carry 


attention is paid to requirement, as 
the stress 
When steel is required in flexural compression, 
and not 


olten enough, only the corner bars, 


every compression bar, are held by stirrups 


Henry H. Werner, 
sulting Engineer, Long Island 
City, N 


( ‘on- 


Mar. 1954, Proc. V 


KH), p. 602 





of Significant Contributions in Foreign and Domestic Publications 


Bridges 


Composite construction for I-beam bridges 
I. M. Viest and C. P. Sress, Proceedings, Highway Re 
search Board, V. 32, 1953, pp. 161-179 
AUTHOKS SUMMARY 
Deals with the composite bridge consisting 
I-beams 
slab 
beams in such a manner that the bridge acts 
Three 


behavior of 


of longitudinal steel supporting a 


reinforced concrete connected to the 


monolithic structure. 
(1) the 


composite steel and concrete T-beams, (2) the 


similarly to a 
subjects are treated: 
function and the action of the shear connec- 
tion between the concrete slab and the steel 
I-beams, and (3) the behavior of composite 
I-beam bridges of both simple and continuous 
spans. The behavior of the structure and of 


its components and the design criteria are 


discussed in general terms. 


Pilot Guniting contract marks beginning of 

repair program for San Francisco Bay trestle 

Roads and Streets, V. %, No, 12, Dee. 1953, pp. 66-72 
Reviewed by M. W 


Jac AeON 

The 
the southern end of San Francisco Bay 
1170 conerete 
1928, 


San-Mateo-Hayward Bridge across 


eon 


sists of five truss spans and 


beam spans It was built in and 


almost from the beginning some disintegration 


ol piles, CAPs, girders, and pliers Was noted 


Some repair work was done, but without 


much success 
\ $100,000 contract tor 


now unde way for selected portions 


Caunite repairs is 


( hipype I 
aWHY 


operators cut all bad-looking areas of 


V. 51. Address 18263 W. MeNichols Rd., 
the book or article review 


Detroit 19, 
ed is in English. 


concrete until sound conerete is exposed 
In many places the !o-in. stirrup bars in the 
caps and beams, and in fewer instances the 
reinforcement in the piling, were found so 
badly that 


burned away 


rusted exposed seyginents were 


and new steel welded in place 


In connection with the repau work the 


California Division of Highways is investi 


gating the problem of durable concrete con 
struction for salt water exposure 
Reconstruction of a railway bridge 

Engineer (London), V. 197, No. 5114, Jan. 20, 1954, p 
170; Engineering (Londor 7a Etde mm 905, Feb. 5 
1954, p. isl 


Reviewed by Anon LL. Miran 


To save headroom and to cause Hhiinimuim 
traffic 
under the bridge, rails are 


interference to- rail both over and 
fastened to steel 
plates laid directly on 
slabs 


corners by 


precast prestressed 


concrete floor Slabs are supported at 


thei shear plates on the inter 
reactions thu 


velded 


pecial 


mediate girder stiffeners, thei 
directly 


To obviate compli ition 


going into the webs of the 
girders 
slabs were also used between 


thick 


continuous bys 


Spats Over thie 


piers, the entire floor vas then mace 


prestressing 


Concrete tied arch spans 236 ft with prestressed 
hangars and tie girders 

kngineering News-Record, V. 152, No. 5, Feb. 4 
pp. 42-45 


1rd 


Keviewed t 


The two reinforced concrete 


rch 


France, are ot 


pur thoolye 
Jourget, 


vith the 


ribs of a highwa bridge ith 


hollow box section 


*A part of copyrighted JounNaL or THe AMERICAN Concrete Inerirure, V. 26, No. 1, Sept. 1954, Proceedings 
5 Mich 


If it is followed by a foreign title the work reviewed is in that language 


Where the English title only i# given in a review, 


In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 


original] article is indicated in parenthesis following the English title. 
Available addresses of — are listed in the June ‘‘( 
jlications added later 


available through ACI. 
In most cases ACI can furnish addresses of pul 


Copies of articles or books reviewed 
irrent Keviews" 


are not 
each year 
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depth varying from 7 ft 101% in. at the crown 
Cables for 
the tie girders were arranged in four groups of 
12 each, placed in precast concrete sheaths, 
The 
prestressed hangers supporting the deck are 
shaped roughly like a 3 ft 3 in. I-beam, with 
the web (transverse to the roadway) per- 


to 6 {ft 7 in. near the abutments. 


post-tensioned and pressure grouted. 


forated with large circular holes. Prestress- 
ing also was used in the ends of the arch ribs 
to fasten the tie girders. The whole assem- 


blage rests on conerete rockers. 


Medium span portal frame reinforced concrete 
bridges in Singapore 
T. Kaumakan, The Structural Engineer (London), V. 
31, No. 12, Dee. 1953, pp. 351-353 

Reviewed by C. P. Sress 


Describes design details, foundations, con- 


struction procedures and maintenance ex- 


perience for several reinforced concrete 
rigid frames highway bridges having spans of 
10 to 60 ft, constructed between 1934 and 
1939. Hinged bases were used and the foot- 


ings were connected by reinforced ties. 


Dams 


Warragamba Dam 


Engineering (London), V 


177, No, 4600, Mar, 26, 1954, 
pp. 400-401 


Reviewed by Anon L. Minsky 


Dam, of mass concrete, 420 ft high and 
1100 ft long at the crest, is located 50 miles 
west. of Svdney, New South Wales. Aggre- 
gate is brought from pits 1214 miles away via 
aerial ropeways. To overcome the effects of 
high summer temperatures plus the heat of 
hydration, aggregates and mixing water are 
cooled; 


pipes for circulating chilled 


are embedded in the dam. 


water 
A constant dam 
wall temperature of 55 F is the aim. 


Construction of Tignes Dam and Malgovert 
Tunnel 
Jean Pecteriern, Proceedings, Institution of Civil En- 
gineers (London), Part IIL, V. 2, No. 3, Dee. 1953, pp. 
180-521 (including discussion) 
Reviewed by Anon L. Minsky 

The dam, a concrete arch, has a maximum 
height of 595 ft above bedrock, maximum 
thickness of 140 ft, crest length of 980 ft, and 
consumed 850,000 cu yd of concrete. The 
mix for the mass concrete used gap-graded 
aggregate including 
trained air (3.5 percent by volume). 


5-10-in. plums and en- 
Paper 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


September 1954 


especially emphasizes the construction equip- 


ment and plant, which was primarily of 
American origin. (See also Civil Engineering, 
V. 22, No. 11, Nov. 1952, pp. 25-28; ‘Current 
Reviews,” ACI Journat, Sept. 1953, p. 98.) 

The tunnel to the power plant is 9.5 miles 
Bad 
ground and water caused considerable diffi- 
culty during its construction and necessitated 
special grouting. 


long and 175 sq ft in cross section. 


Owen Falls hydroelectric scheme 


Engineering (London), V. 177, No. 4603, 4604, 1954, 
Apr. 16, pp. 496-500; Apr. 23, pp. 528-532. Engineer 
(London), V. 197, No. 5127, 5128, 1954, Apr. 30, pp. 
626-630; May 7, pp. 662-67 

Reviewed by Anon L. Minsxy 


The Owen Falls development, formally 
opened on Apr. 29, 1954, utilizes the waters 
of the Victoria Nile, about 2 miles below Lake 
Victoria, to produce power for the present 
The first 
article in each journal covers the history of 
the scheme, the design and construction of 


and future industries of Uganda. 


the main dam, concreting plant and methods, 
and the local manufacture of about half of the 
(the 
percent phosphate, which caused 
difficulty and necessitated development of 


cement used local limestone contains 


about 2 
methods for its neutralization or removal). 
The second article concerns the turbines and 
electrical equipment. 


Single hydro project doubles Morocco's power 
Wapo G. Bowman, Engineering News-Record, V. 152, 
No. 6, Feb. 11, 1954, pp. 42-45 
Reviewed by 8. J. CHAMBERLIN 
Key element is the arch-type Bin el Ouidane 
Dam, 430 ft high, 850 ft long at the crest and 
containing 600,000 cu yd of concrete. 
was brought by a_ half-mile 


Granite 
long belt to 
crushers and mills over aggregate bins and 
1,3 and 7 
1650-ft 
had their fixed ends anchored to the aggre- 
bins of The 6- 
cu yd buckets and accessories were made of 
aluminum alloy. 


processed into five sizes ly, %, 


in. Two 15-ton cableways of span 


gate reinforced concrete. 
Two concreting plants, each 
with a 2-cu yd mixer, were located in front 
of the aggregate bins, one on either side of 
The structure of 
these plants was entirely of reinforced con- 


the cableway terminal. 


crete, including the cement silos which sur- 


mounted them. Concrete was placed in 


blocks 45 ft wide and in 5-ft lifts, with a best 


daily production of 1800 cu vd. From the 
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powerhouse at the base of the dam, the water 
flows about 2 miles to a diversion dam where 
it enters a 6.5-mile, 15-ft diameter, concrete- 
lined tunnel leading to the penstocks of a 
second power plant and finally into irrigation 
canals. The canals are being lined with 4 
in. of concrete by a traveling template form 
which is fed by belt conveyors from a paving 
mixer moving alongside. 


Menihek power development 

L. A. Canny, The Engineering Journal 

37, No. 5, May 1954, pp. 549-556, 563 
Reviewed by Anon L. Minsky 


Montreal), V. 


Low-head power development serves new 
iron ore mining center near Knob Lake in 
Labrador. Concrete dam does double duty, 
serving also as railroad bridge over the wide 
Local aggregates 
very poor, being highly contaminated 


Ashuanipi River. were 
with 
tannic acids from decomposition of vegetation. 
Difficulty 


crushing the larger stones, washing the fine 


was overcome by washing and 
aggregate and wasting the finer particles, and 
making up the resulting deficiency in sand 
sizes by sand-rolling. Project was also nota- 
330-mile airlift handled, 


among other items, the almost 186,000 bags of 


ble for a which 


cement consumed in construction. 


Design 


Design of reinforced concrete structures ex- 
posed to aggressive environment (in Czech) 
K. Hrupan, Bulletin of the Brno Institute of Construc- 
tional Engineering and Architecture (Czechoslovakia), 
V. 1, No. 15, 1952, 12 pp 
teviewed by I. M. Viest 
To prevent rusting of reinforcing bars in the 
presence of various corrosive agents, the pro- 
tective cover must be made of dense concrete 
and have a certain minimum thickness, and 
the width of tension cracks must be kept 


below certain minimum values specified in 
this paper as 0.2 mm or less depending on the 
On the 


basis of theoretical considerations combined 


aggressiveness of the corrosive agent. 


the author 
(1) for the 


with the results of Russian tests 


presents the following equations: 
spacing of cracks: 

2/ 
jde yo 


where J is the moment of inertia and ¢ the 


distance of the extreme tension fiber from the 


103 


neutral axis, both for uncracked section, jd 
the average distance of the tension reinforce- 


ment from the resultant of compressive 
forces, and yo the circumference of rein- 


forcing bars; (2) for the width of the cracks 


E, 
where f, is the steel stress at working loads, 
and s 


E, the modulus of elasticity of ste« l, 


the spacing of cracks. The application of 


these equations to design is illustrated | 


\ 


numerical examples. 


Simplified calculation of indeterminate struc- 
tures by Mohr's method (La simplification des 
calculs hyperstatiques par l'emploi de la 
methode de Mohr) 
R. Masse, Le Genie Civil 
1, 1954, pp. 12-14 


Paris), V. 131, No. 1, Ja 


Reviewed by Anon L. Minsky 


Demonstration that Mohr’s method (semi- 
graphical integration: cf. van den Broek, 
Elastic Energy Theory, ed. 2, Wiley, 1942, pp. 
53 ff) is than 
tegration). A fixed-end frame is used as the 


object lesson. 


faster Lresse’s method (in- 


On the calculation of prismatic structures by 

iteration (Sobre el calculo de estructuras 

plegadas por iteracion) 

ALFREDO ScHEGG, Tecnica (National 
1 


Pucuman, Argentina), \ No. 5 


239-253 


University of 


Sept. 1952, pp 


AUTHOR’ s SUMMAKY 


The point in question of these papers is a 
simple procedure for computing the interior 
which must 
Appli 


cation of the Cross method reduces the labor 


stresses In prismatic structures, 
be caleulated by the flexure theory 
of calculation. The results agree well with 
those of the classical theory The prov edure 


is clarified by several examples 


Design of channel shear connectors for com- 
posite l-beam bridges 

I. M. Vieer and C. P. Siess, Public Roads, V. 25, No 
1, Apr. 1954, pp. 9-16 


AuTHORS’ SUMMARY 


flexible 


‘ ol posite I 


4 procedure for the design of 


channel shear connectors for 


beam highway bridges is developed from the 


data obtained in studies conducted at the 


University of Illinois. Equations are pro 


vided for use in case of construction with and 
without temporary supports. The procedure 


is illustrated by an example. 
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Design of reinforced concrete footings (in 
Czech) 


K. Huavuwan, Bulletin of the Brno Inatitute of Conastruc- 
tional Engineering and Architecture (Czechoslovakia), 
V. 2, No. 45, 1954, 24 pp. 

Keviewed by I. M. Vines 


Kquations for ultimate load design of slop- 
ing footings are derived and their use illus- 
trated by examples; both wall footings and 
isolated column footings are included. The 
distribution of soil reaction is discussed both 
for working load conditions and for conditions 
corresponding to the bearing capacity of the 
soil, - Use of straight line pressure distribu- 
tion is recommended for design purposes. 

Analysis of wall footings is essentially the 
reinforced 


same as of ordinary 


concrete 
beams, except that the effect of sloping com- 
pression face is accounted for by a decrease 
of the magnitude of stress block in proportion 
to the angle of slope. For column footings 


the critical moment section is assumed to 
extend through the full footing width at the 
Full 


statical moment is assumed to be distributed 
uniforms 


location adjacent to the column face. 


across the critical section and the 
critical section. is 
The effect of 


principal 


resisting moment of the 
computed as for wall footings 
shear is basis olf 


judged on the 


tensile stresses 


Theory of composite structures (Theorie der 
Verbundkonstruktionen) 


K. Sarrier, Wilhelm Ernst 
200 pp., 43 DM 


and Sohn, Berlin, 19053 


ArrpLinp Mecuanics Reviews 


Jan, 1954 (Gabry 


This hook Is 


working in the design of composite structures, 


intended for civil engineers 


mainly — composite beams with shear connec- 
tors. In the first part, author develops the 
theory of the statical 
composite beams under the influence of the 


combined action of 


variable modulus of elasticity, prestressing, 


plastic deformation (creep of concrete), 


In the 
second part are given the numerous examples 


shrinkage, and temperature changes. 


of application of this theory to the design of 
different composite structures, such as floors 
of buildings and bridges, columns, arches, 
and other forms of statically determinate and 
indeterminate structures. 

Reviewer thinks that this book fills a gap 
in the design of reinforced-concrete structures 
and recommends it for practicing engineers. 
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Development functions for polygonal bounded 
thin plates (Entwicklungsfunktionen fuer poly- 
gonal begrenzte duenne Platten) 


W. Fucussremver, Der Bauingenieur (Berlin), V. 28, 
No. 7, July 1953, pp. 243-250 
Reviewed by Anon L. Minsky 


Author develops solution in form: 


w P (z, y) + oo (2, y) + 2) (2, y) 
ol + Y be (x, y) 
where = @ (2, y) f (2, iy) g(r iy) 
Four cases are investigated: rectangular 
plate with simply-supported edges — (ef. 


Timoshenko’s Plates and Shells, 
pp. 125 ff), to demonstrate the method by 
comparison with known results; rhomboidal 


plate with simply 


Theory of 


supported edges; rhom- 
boidal plate with edges built into the sup- 
ports; and a trapezoidal plate with simply- 
supported edges. In all 
uniformly distributed. 


cases the load is 
The rhomboidal plate 


is also used for the numerical example. 


Materials 


Proportions of hydraulic concrete—A nomo- 
raph (La composition des betons hydrauliques. 
ne droite de reference) 


Arnert Jome., Reoue des Materiaux de 
Paris), No. 458, Nov. 1953, pp. 305-319 
Reviewed by Puiu L, 


Construction 


MELVILLE 


\ series of nomographs are presented to 


determine optimum concrete design as a 


function of gradation, concrete placing (com- 
paction), and the cement factor. Regardless 
of the theoretical value, this design method 
standards rather 


appears -—by American 


involved 


What is portland cement? (Was ist Portland- 


zement?) 
K. Hayoen, Zement-Kalk-Gip Wiesbaden ve F 
No. 2, Feb. 1954, pp. 42-47 


Reviewed by H. H. Wennen 


Portland defined 
either by the hydraulic module plus silicate- 


cement is shown to be 


and alumina-module, or by the lime standard 
plus silicate- and alumina-module. Yet a 
general definition becomes impossible in this 


way because hydraulic module and lime 


standard cannot be harmonized with each 


their 
validity for each conceivable silicate module. 


other within recognized scope — of 
Thus, the notion portland cement can only be 
defined by joining the scopes of validity of 
the hydraulic module and the lime standard 


without having regard to the silicate module. 
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Indented bar reinforcement for concrete 


Engineering (London), V. 177, No. 4598, Mar. 12, 1954, 


p. 350 
Keviewed by Anon L, Minsky 
Description of ‘“Tentor’’ 
United 
Deformed mild-steel bar is 


bar, now being 


produced in the Kingdom under 
Danish patents. 
cold-worked — by 


simultaneous longitudinal 


stretching and twisting, producing a dis- 
tinctive herringbone pattern of deformations 
as well as eliminating the yield point and in- 
creasing the tensile strength (86 ksi ultimate 
for bars up to '9 in. in diameter, 76 ksi for 
bars 54 to Lin.). 


Effect of substitutions of fly ash for portions of 
cement in air-entrained concrete 


Guy H. Larson, 
Board, V. 32 


Proceedings, Highway Research 


1953, pp. 328-335 
AUTHOR'S SUMMARY 
It was indicated earlier that substitutions 
of fly ash for up to 25 or 30 percent of the 
cement in air-entrained concrete resulted in: 
(1) increase in water-cement ratio, (2) de- 
crease in air content, (3) increase in strength 
of moist cured concrete at ages beyond 28 
days, and (4) decrease in resistance of the 
The effect 
of restoring the air content of the concrete 


concrete to freezing and thawing. 


containing the fly ash substitution by adding 
an air-entraining agent, not included in the 
original program, is described in this report. 

Materials and procedures in the second 
series of the tests were the same as in the 
first, except that the aggregates were from a 
different 
reduced to % in. 


source and the maximum size was 


and the size of the test 
beams was reduced to 3 x 4x 16 in. 

The results substantiate those of the first 
series of tests and indicate that in mixes 
with proportions approximating those in this 
test, restoring the air content of the concrete 
has the effects: 


strengths at 7 and 28 days to approximately 


following (1) reduces” the 
the same extent as the cement was reduced at 
1 year and later; however, the strength is 
equal to or greater than that of the standard 
concrete; (2) improves the resistance of the 
concrete to freezing and thawing to a great 
extent but does not bring it up to that of the 
standard concrete; and (3) requires consider- 
ably more air-entraining agent than normally 
must be used to develop a like amount of air 
in regular concrete made with non-air-en- 
training cement. 
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Grading of fly ash 
DD. H. Lucas, Engineering (London), V. 177, No. 4596, 
Feb. 26, 1954, pp. 272-273 
Reviewed by Anon L. Minsky 


Description ol apparatus designed to grade 
a 50 to 100-milligram sample in one hour 
The 


suited for microscopic examination 


graded fractions are in a form well 
While apparatus was developed for every- 
day use in power plants, it appears to have 


possibilities in the field of concrete technology. 


Pozzolans in sand-gravel aggregate concrete 


Rh. FE. Bowen and C. A. Surron, Proceedings, High 
way Research Board, V. 32, 1953, pp. 317-328 
AuTHORS’ SUMMARY 


Tests were made on a series ol laboratory 
mixes and on field experimental sections to 
determine the physical characteristics and 
durability of air-entrained concrete in which 
a pozzolan material was interground with the 
cement and also air-entrained concrete in 
which part of the cement was replaced with 
fly ash. 

These tests indicate that the pozzolan con 
normal tem - 


crete had better workability at 


peratures, slightly lower early strength, but 
usually higher strength at later ages and im 
proved durability in freezing and thawing 


The expansion of concrete beams tested in a 


wetting-and-drying test and of mortar bars 
tested in sealed containers at 100 F was 
definitely less or was completely inhibited 


in the conecretes or mortars made with these 


The 


manufactured 


pozzolans. concrete made with the 


pozzolanic cement required 


more mixing water for a workable mix which 
resulted in lower strength and higher absorp- 


tion. 


Sealithor cement (in Dutch) 


Polytechniach Tyjdachrift (The Hague Vv. 8 No 
19-50, Dee. 8, 1953, pp. S55b-s62b 


Reviewed by Joun Ki. SNeTHLace 


Describes a new type of cement made by 


the Societe Anonyme des Ciments de Thieu, 


Belgium, for which substantial claims are 


made by the manufacturer, particularly as 
to low heat of hydration, great resistance 
against chemical action by acids Hn perine 


ability, high early strength, and an absence 
The 


process is the result. of cold grinding of an 


of excessive shrinkage manufacturing 


intimate mixture of granulated alkaline blast 
furnace slags (granulation effected by sudden 
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cooling either by water 
air), 
synthetic calcium 


or by compressed 


substantial quantities of water-free 


sulfate (a process pat- 
ented in various European countries), and 
small admixtures of portland cement, port- 
land clinker of slaked lime. Slags comprise 
about 85 percent of the mix and constitute 
ingredient. By 
methods the slags are “‘glazed”’ to retain the 
high silica content. Thus, the 


a high silica and low lime 


the major active special 
cement is 
claimed to have 
content. 

chemical analyses 
with 
Two pages of photo- 


Tabulations showing 


and test results, compared portland 
cement, are included 
graphs are shown of test specimens which 
have been subjected to the action of various 


chemicals 


Influence of bentonite in mortars and concretes 
(Influencia de la bentonita en morteros y 
hormigones) 
Ramon A. Lovez ZiGanan, Tecnica (National Univer- 
sity of Tucuman, Argentina), V. 1, No. 5, Sept, 1952, 
pp. 244-235 
AvuTHOR'’s SUMMARY 

Deals with the results of the first group of 
Materials 
National Uni- 
Tucuman for the purpose of 
verifying the influence of bentonite on the 
quality of mortar and concrete. 


experiments carried out in the 


Testing Laboratory of the 


versity of 


A promised 
second article will contain information on the 
subsequent experiments of the same series, 
as well as the results and conclusions. 


Variability of concrete and its effect on mix 
design 

Francis RK, Himewourn, Proceedings, Institution of 
Civil Engineers (London), Part 1, V. 3, No. 2, Mar 

1954, pp. 163-200 


Reviewed by Anon L. Minsky 


In the first part of this thought-provoking 
paper, author outlines the statistical prin- 
ciples of mix design and demonstrates that 
the standard deviation (but not the coefficient 
of variation) is independent of the mean. He 
then proposes using this as the basis of a 
method for calculating the mean strength for 
designed in 


which a concrete mix must be 


order that not more than, say, 1 percent of 
the samples fall below a given minimum. 
The advantage claimed for this method is 
that it gives a lower mean strength for which 
the mix must be designed to yield the given 


minimum than does the method based on the 
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assumption that the coefficient of variation is 
independent of the mean. 

The second part analyzes in detail the fac- 
tors causing variation in concrete strength 
cement quality, batching errors, W/C ratio, 
and testing (procedural) errors. Authoy’s 
conclusion is that, contrary to opinion of 
others, not much is to be gained by reducing 
cement variation; the most important factor 
is variation in C/W ratio (the use of this in- 
stead of the W/C ratio yields 
High accuracy in batch 


customary 
straight-line plots). 
weighing is not necessary, according to the 
author: “The most effective form of control 


is by workability. 


Pavements 


Sawed contraction joints for concrete airfield 
pavements 


Kart C,. Voce, Proceedings, 
Board, V. 32, 1953, pp. 129-144 


Highway Research 


AuTHoR’s SUMMARY 
Sawing of contraction joints in concrete 
pavements at Base 


was one of the first applications of this method 


Lockbourne Air Force 
on 4 large scale in airfield pavement construc- 
tion. This construction was carried on dur- 
ing warm and cold weather, and both port- 
land cement and a blend of portland cement 
and natural cement were used in the concrete 
mixes. Pavement thicknesses ranged from 
6 to 12 in. and all 
joints were sawed to a depth of one-fourth 


transverse contraction 
the thickness of the pavement. 

Experience at this project indicates that 
excellent contraction joints can be obtained 
by using properly trained workmen and 
exercising normal care in choosing the time 
for sawing the joints. Weather conditions and 
character of the cement used are important 
factors in influencing the time interval be- 
tween placing the concrete and cutting the 
No difficulty is encountered in filling 


the . joints, 


joints. 


except when  jet-fuel-resistant 


fillers are used. These fillers have a narrow 
temperature range through which they may 
be applied, and the joints have to be filled in 
several stages to compensate for shrinkage of 
the material as it cools. 

It. is too early to evaluate the actual per- 
formance of the sawed joints in use, and this 
paper is limited mainly to the experience 


gained and observations made in sawing and 
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filling sawed joints. From these observations 
the advantages of the sawed joints are that 
they traffic, 


avoid damage due to manipulation of the con- 


provide a better surface for 
crete at the joint during hardening, permit a 
better sequence of operation during construc- 
tion, permit earlier application of curing 


compounds, reduce the quantity of joint 
fillers required, and present a better appear- 


ance in the finished surface. 


Slag cement in runway construction (Le ciment 
de laitier dans la construction des pistes) 


Revue des Materiaur de Construction (Paris), No. 458, 
Nov. 1953, pp. 299-303 


Reviewed by Pati L. Mecvite 


Following failures (cracking and dusting) 
of some runways in eastern France, an in- 
vestigating committee was appointed to find 
out if slag cement was responsible for the 
poor performance. In the report covering a 
performance survey and laboratory and field 
tests, an all but too common conclusion was 


drawn: specifications were not enforced. 
Investigations covered the use of high-early- 
blast-furnace, and = slag 
different (with 


respect to placing, curing, and admixtures) 


strength, iron, 


cements in the four types 
of concrete investigated: vibrated, vacuum 


processed, plastified, and  air-entrained. 
Hardness tests were used to evaluate surface 
properties. For no-slump concrete, only the 
plastified concrete was found to be better 
than the 


cements 


vibrated concrete, 
The concluded 


that the poor performance was not due to 


regardless of 


used. committee 


the cement type or admixture but to bleed- 
ing, Which would have been avoided if the 


specified water-cement ratio of 0.36 had 


been enforced. 


Filling and sealing of joints and cracks in con- 
crete pavements 

Bulletin No. 78 
pp 


Highway Research Board, 1953, 38 


A comprehensive coverage of the subject, 
although much of the information is of a 
basic nature and familiar to most highway 
engineers. Aspects covered include types of 
joints, jointing arrangements, and the factors 
affecting changes in width of joints. Various 
kinds of filling and sealing materials most 
commonly employed and the functions, capa- 
bilities, and limitations of these materials are 


discussed 
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Effects of jet aircraft on airfield pavements, and 
associated problems 
Doveras HH. Carnack and Dovertas G. Ronenrson, 
Proceedings, Institution of Civil Engineers (London), 
Part II, V. 3, No. 1, Feb. 1954, pp. 1-43 (including dis- 
cussion 
Reviewed by Anon L. Minsky 

Describes experimental investigations on 
concrete slabs, flexible-type pavements, and 
In the case of 


that 


new joint-sealing compounds. 


the concrete pavement, it was found 


high quality concrete was generally satis- 


factory in resisting the effects of heat, blast, 
and fuel spillage. Temperatures were meas- 


ured by thermetric (heat-sensitive) paints 


and by thermocouples, and were found to 
agree reasonably well with values predicted 
on the basis of known jet temperature charac- 
teristics. Iffects were found to be of three 


types: full-depth cracking, surface crazing, 


and surface spalling 
bituminous 


Protective coatings for pave 


ments were also investigated. Curing com 


pounds for concrete pavements, runway 


lights, erosion, and drainage are 
listed 


problems 
as requiring investigation. 


Precast concrete 


Precast concrete bridges in Alberta 


L. G. Gaimece and KR. W. McManus, Engineering 


Journal (Montreal V. 36, No. 8, Aug. 1953, pp 
YSO-O86, 

Reviewed by Anon L. Minsky 

Due to its many irrigation canals and 


foothill and the 
land subdivision, Alberta has a large number 


streams grid system of 
of small-span bridges, of which some 2500 
(about one-quarter) will need replacement by 
1955 and a further 2000 by 


part due to the increase in loads consequent 


1965, in large 
upon the discovery of oil. Precast concrete 
was selected as offering the advantages of 


standardized designs, low cost, salvage 
value, centralized production, and the benefits 
of concrete in regions of the province lacking 
good native aggregate 

Three types of stringer bridges, with spans 
up to 40 ft (50 ft is anticipated with light- 
weight concrete), and one type of precast 


decking for steel stringer spans, were evolved. 


Article discusses in some detail the design 
AASHO standard 
specifications), governing the design of these 
units. 


provisions (based on the 
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Prestressed concrete 


Visit to Scottish prestressed concrete products 
factory 

Highways and Bridges, V. 20, No. 993; July 22, 1953, 
p. 5 


Reviewed by M. W. Jackson 


Brief 
(Lanarkshire) prestressed concrete products 
The 


largest in the world producing prestressed, 


description of the Newmain’s 


factory. factory is said to be the 
precast concrete products using the long-line 
process. Describes prestressed bridge beams 
and girders, roof beams, prestressed piles, 


and precast flooring units under construction. 


Choice of cross section 
ALLAN H, Srusns, Proceedings Western Conference on 
Prestressed Concrete, University of California, Nov 
1952, pp. 103-105 

The most efficient use of materials, amount 


and location of prestressing steel, stresses 
induced in the concrete, and other elements 
in the design of prestressed concrete struc- 
tures are dependent upon the concrete cross 
This limited to the 


problems of picking the best cross section 


section. discussion is 
for simple beams of the intermediate loads 
and spans most widely used 


Cold-drawn prestressing wire 


J L.. Bannisrer, Structural Engineer (London), V 
$1, No, 8, Aug. 1953, pp. 203-218 
teviewed by M. W. 


Jac KON 


Report of research into the properties and 
characteristics of —cold-drawn 


The 
14 diagrams for the 


high-tensile 


steel wire. work is thoroughly pre- 


sented, with various 
phases of the investigation, and a bibliography 
of 20 references. 

Topics covered with conclusions include 
the stress-strain curve and hysteresis curves 
with repeated loads, return of nonelastic 
character after some! bending, proof that 
stress is not satisfactory for an indication of 
the behavior of the wire, ductility, relaxation 
of stress with time, effect of temperature, and 
aging. One 


the characteristics of drawn 


artificial strain conclusion is 
that 


not a simple function of either diameter or 


wires are 


maximum strength, but are dependent on 
the basic material and its treatment, and the 
manner of cold 


extent and 


reduction, and aging. 


subsequent 
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Allowable stresses and load factors for pre- 
stressed concrete 

1 Y. Lin, Proceedings 
stressed Concrete, 


pp. 144-156 


Western Conference on Pre- 
University of California, Nov. 1952 


According to both 


in this country and in Europe, prestressed 


prevailing practice, 


concrete structures are designed to sustain 
the applied prestress as well as to carry the 
specified design loads, with stresses not ex- 
ceeding the allowable values. In addition, 
they are often checked for overload capacities 
at cracking and ultimate strengths. Bases 
for the establishment of stresses to be used at 
this 


Values used in various countries are 


these various stages are discussed in 
paper. 
compared, Some tentative suggestions for 


both steel and concrete are proposed 


Design of simply supported prestressed con- 
crete beams for working loads 


Freperick WittiaMm Girrorp, Proceedings, Institution 
of Civil Engineers (London), Part III, V. 2, No. 3, 
Dee. 1953, pp. 589-603 


Reviewed by Anon L. Minsky 


On the assumption of linear stress-strain 
relationship and no cracking of the concrete, 
author derives formulas for the design of 
prestressed beams, the resisting moment be- 
ing expressed as a function of the extreme 
fiber stresses and the net concrete section. 
Further assumptions as to concrete stresses 
and dead load lead to simplified equations 
and tabulated properties for rapid selection 
of satisfactory sections which may be approxi- 
mated by three rectangles in the shape of the 
usual I-beam. Equations for checking the 
final sections, and for the case of beams sub- 


ject to inversion in handling, are also derived 


New cement storage bins in prestressed con- 
crete (Nieuwe cementsilo's in voorgespannen 
beton van de Cemij) 

W. Van Somenen, Cement 
1953, pp. 65-71 


Amsterdam), No, 5-6 

Reviewed by Joun W. T. Van Ene 
These 60 ft 
(8-in. 
horizontal as 


tall, 20 ft 
walls) 


thin 
with 


in diameter, 
built 
prestressed, 


walled bins were 


well as vertical 
post-tensioned reinforcement. They are not 
only used for storage, but also for remixing the 
cement to obtain a homogeneous product. 
Remixing is 


accomplished by an airslide 


pneumatic conveyor system. Air is blown 
into the bins through porous stones which 


form their bottoms. By blowing air through 
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only one quadrant of the bottom, the cement 


content of the bin is stirred into a rotary 


mixing action. For this reason the walls of 
the bins have been designed for full hydro- 
static 


pressure (of a liquid of 1.1 


Temperature 


specific 


gravity resulting 


stresses 
from the temperature gradient in the walls 
are considerable even with thin walls. 

To keep losses in prestress force, due to 
friction of the cable around the bin, to a 


minimum, cables are only half-cireumference 
lengths and the joints in subsequent tiers of 
cables are staggered Comparison ol quan- 
tities used per bin are: for conventional con- 
1180 cu yd, 


mild steel 276 tons; for prestressed concrete 


crete construction concrete 


construction concrete THO eu yd, mild stee|] 
17 tons, and prestressing steel 39 tons. Costs 
were about the same for prestressed and con 


ventional concrete construction 


Properties of concrete 


Purposeful entrainment of air in concrete 

CC, Bb. Weenees, Highways and Bridge V. 20, No 
wo2 and 99%, July 15, 1953, pp. 6, 9; July 22, 1953 
p. 6 


Reviewed by M. W Jackson 


As defined, “Purposefully entrained air is 
a relatively stable foam, exactly like the form 
of soup suds, which is 


incorporated nto 


mortar or concrete structures on purpose in 
addition to and as differentiated from the 
small amount of air which is entrapped as 
bubbles by the 
The 


entrainment 


folding action of mixing.” 


article is a general description of air 


optimum air percentage, aggre- 


gate grading, consistency, and advantages 


Effect of speed of testing on flexural fatigue 
strength of plain concrete 


Cryrpe ft Kesten, Proceeding 


Board, V. 32, 1953, pp. 251-25s 


Highway Researel 


LoTHor’s SUMMAKY 


Little work has been done on the fatigue 


testing of concrete, and therefore, little is 


known of the effect of a great many variables 
the lack of 


comprehensive 


Jecause of work in this field, a 
program has been started at 
the University of Illinois. <A fatigue investi- 
gation of concrete, with the great number of 


takes 


even when the powerful tools of statistics are 


factors involved, considerable time, 


applied; consequently the time involved in 


testing individual specimens becomes o 


prime importance. It is for this reason that 


109 


an investigation was started to determine the 
effect of speed of testing on the finite life and 
endurance limit of plain concrete in flexure 
About 100 
section OX 6 In 


concrete beams with a cross 


and a length of 64 in. have 
been tested These beams were loaded at the 
Tests wer 
from 70 to 440 
3500 


so far, indicate 


third-points on a span of 60 in 
conducted at three speeds, 


epm, and for two concrete strengths, 


psi and 4500 psi. The tests, 
that the speed of testing has little effect on 


the fatigue strength of plain concrete 


Influence of vibration and revibration on bond 
strength (in Dutch) 

P.C. Kaevorr, Ceme 
p. 212 


ment (Am 


terdan No, L4-14, 1054 


Reviewed by Joun W. T. Van bens 


\ survey of various research projects on 
this subject in different countries is given, As 
vibration and revibration (vibration some 
hours after placing) improve compressive as 
well as tensile strength, bond strength is also 
The 
bond strength was obtained generally by re 
than 7 hi 


revibrated later, the 


improved maximum inprovement in 


vibration within a delay of less 


alter placing Ii bond 


strength still shows some maiprovement over 


non-revibrated conerete, but this improve 


ment becomes less and less as the dela 


INCreCHSes 


Testing of concrete by ultrasonic-pulse techni- 
que 
RK. Jones, P 


$2, 195 


Description is given of the apparatus for 
making high-precision measurements of the 
ultrasoni 
this 


velocity of at pulse in conerets 


The use of velocity (the longitudinal 


wave velocity) as a criterion of quality is 


discussed with reference to such conventional 


criteria as the modulus of rupture, com 


pressive strength, densit of the 


The effect of a 


concrete 


large number of variable 


has been studied, and it was found that the 


longitudinal-wave velocity could be used to 


measure changes in the quality of the con 


crete, except when the aggregate-to-cement 


ratio was varied. For this reason the longi 


tudinal-wave velocity cannot be used as 
general criterion of concrete quality 
The technique can be applied directly to 


the concrete in structural members and can be 
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used to detect any weakness due to deteriora- 
tion or poor compaction. Where test speci- 
mens of the structural concrete are available, 
a calibration curve can be obtained from 
which the equivalent strength of the con- 
crete can be inferred. Examples of such tests 


are given. 


Laboratory applications of the technique 


have been the study of crack formation in 
(2) subjected to 
frost action, and (3) when inversion takes 


concrete (1) under load, 


place in high-alumina cement. An interest- 
ing result showed that concrete cubes in com- 
pression develop initial cracks with planes 
parallel to the direction of application of the 
load at about 30 percent of the ultimate load. 


Structures 
Concrete construction by lift slab 


Engineers’ Bulletin, Colorado Society of Engineers, 
V. 37, No. 12, Dee. 1953, pp. 16-17 
Reviewed by M. W. Jackson 
Describes first Youtz-Slick lift-slab project 
in the Rocky Mountain region. The project 
was for a shopping center in Denver, Colo. 
lift-slabs formed the 
the largest single area being 90 x 


Seven separate roof, 


57 {t, not a 


spectacular size in general. 


New concreting techniques 
Architectural Forum, V. 99, No. 6, Dee. 1953, p. 139 
Reviewed by M. W. Jackson 


New 


laboratory at Aberdeen Proving Ground, Md., 


construction methods for ballistics 
consisted of steel joists for shoring and a new 
The 
originated in Germany and made in sections 
with turnbuckles. 
a 24-ft span were used to cast a 12-in. ceiling 


type of steel bar. steel joists were 


For this job, joists with 


slab with a single line of props for support 
at midspan. The joists were made in 2, 3, 
and 4 ft sections, and may be combined to 
produce any span. They eliminate the need 
for a maze of timber posts, the usual char- 
acteristic of falsework for slabs. 

The steel reinforcing bar used on this job 
was made by roiling a ribbed bar in a dumb- 
bell shape and then twisting it with the ends 
fixed. Minimum yield strength of 
bars is 60,000 psi. This job used over 100 
tons of these bars, with an estimated saving 


these 


of 29.5 percent over conventional reinforce- 
ment. 
the dollar saving was about 


Due to the higher cost of the steel 


13.5 percent. 
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Design of a reinforced concrete factory at 
Brynmawr, South Wales 


Ove N. Anup and Ronavp 8. Jenkins, Proceedings 
Institution of Civil Engineers (London), Part III, V 
2, No. 3, Dee. 1953, pp. 345-397 (including discussion 

Reviewed by Anon L. Mirsky 


Rubber South Wales 
rectangular shell domes and concrete bow- 


factory in boasts 


string girders which have been previously 
described (e. g., Engineering, V. 173, No 
$497, Apr. 4, 1952, pp. 432, 437-440; see 
“Current Reviews,” ACI JourRNAL, Oct. 1952, 
p. 167). 


design of the domes and of the girders, which 


Current article treats in detail the 


form the boundaries of the domes, and de- 
scribes several other features of the structure: 
grouting of the old coal workings underlying 

and the 
main 


the site, foundations, 


thermal 


bored-pile 


isolation of adjacent roof 


domes. Authors note that a high degree of 
accuracy was not warranted in analyzing the 
shells proper, but was required in calculating 
the loads at the boundaries, for use in ana- 
lyzing the boundary supports (the bow-string 
girders). 


volved in 


Details of the numerical work in- 
applying the theoretical girder 


analysis are included. 


Pier Luigi Nervi 
Architectural Forum, V. 99, No. 5, Nov. 1953, pp 
140-149 

Reviewed by M. W 


JACKSON 
A subtitle for this article might well be, 


Reinforced 
Photographs and brief descriptions of 20 


“Tmagination — in Concrete.” 
unusual concrete structures designed by the 
Italian Nervi, in the 
decades are included. 


engineer, past two 


Among the projects, 
all of which are in Italy, are: the exhibition 
hall at Turin, 


beams, 


consisting of thin precast 


arches spanning 100 [{t one way, 
150 ft the other, and lamella-type framing 
which consists of precast pans and cast-in- 
place ribs; building for a swimming pool at 
Livorno, a series of semicircular arches 
composed of precast segments, V-shaped in 
section; Gatti woolen factory in Rome, the 
reinforced concrete floor is cast with beams 


arranged in accordance with the curved 


isostatic lines of the principal bending 
moments; and vaults, arches, mushrooms, 
and lamella patterns liberally applied by 
Nervi for factories, garages, restaurants, and 


aircraft hangars. 
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General 


Evolution of reinforced concrete 
W. R. Howanp, Engineering (London), \ 
4594, Feb. 12, 1954, p. 200 

Reviewed by Aron L. Minsky 


177, No 


An interesting account—abridged, alas 

of the early years of “ferro-concrete,”’ up to 
the London County Council regulations of 
1915, following the publication of which the 


use of reinforced concrete increased rapidly 


Previbration (Previbration) 

Camitite Jory, Revue des Materiaux de 

(Paris), No. 455-456, Aug.-Sept. 1953, pp 
Reviewed by Paitur L. 


Construction 
249-251 
MELVILLE 
Author points out that through vibration, 
concrete will thicken to the point where air 
cannot escape, defeating partly its purpose. 
A partial remedy is to increase fluidity with 
more water but, because it is harmful, author 
suggests vibrating concrete to expel entrapped 
with steel 


air before placing. The analogy 


working is pointed out. 


Shipment and transport of cement in bulk 
(Transport van onverpakt cement) 


G. J. Hamer, Cement (Amsterdam), No. 11-12, 1953, 
pp. 175-176; No. 13-14, 1954, pp. 206-208; No. 15-16, 
19054, pp. 267-265 

Reviewed by Joun W. T. Van Exp 


Many 


cement bags (12!% percent of cement cost), 


factors, such as the high cost of 


have stimulated the bulk shipment of cement 
A comprehensive review is given of the various 
An efficient 
method of shipment is that developed by the 
It uses standard bulk 
alternately 


stages in the handling of cement. 


government railways. 


containers which can serve for 
shipment by rail or truck and even as tem- 
porary storage bins on the building site. 
Cement conveying systems are described 
for use on the building site or in the concrete 
products factory. All of these are pneumatic 
systems, 


of tubes 
by 


moving the cement enclosed in sets 
Some operate by pressure, others 
the moved by 
the Another 
system is that in which the conveyor tube is 
half by a 


The compressed air in the lower 


suction and cement 1s 


turbulence with airstream 


longitudinally divided in porous 
diaphragm. 
half penetrates through this diaphragm into 
the upper half, containing the cement, which 
is thereby stirred into completely fluid move- 


ment. 
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Otto Graf—50 years of research, teaching, and 
testing building materials (Otto Graf—50 
ahre Forschung, Lehre, Materialpruefung im 
uwesesn, 1903-1953) 
Technical University, Stuttgart, 110 pp 
Reviewed by KRupovrn Fiscun 


the Technical 


University in Stuttgart with the cooperation 


Edited and published by 


of the German Research Societies for Build- 
ings this memorial gives full appreciation for 
the work of the great scientist and engineer 
Otto Graf. His work and success is insepar- 
ably connected with the Technical University 
of Stuttgart. He has been a member of its 
staff the last 50 
bibliography of 


included 


for years \ complete 


Professor Graf's papers 1s 


Use of strain gages on concrete (Rekstrookjes 

op beton) 

C. van per Veen, Ce 

1053, pp. 162-166 
Reviewed by Joun W. I 


ment (Amsterdam), No, 11-12, 


Van Kup 
The 


strain gages is described: mechanical, capac- 


simultaneous use of three kinds of 


ititive (using change in electrical condenser 
capacity), and resistance (using change in 
electrical strain Their 


resistance) gages 


advantages and disadvantages are shown in 
strain measurements for load tests on airport 
landing strips that were undertaken for the 
purpose of design for heaviest plane loads of 
150 tons. The tests were found to be bene- 
ficial in view of the yielding types of subsoil 
encountered in the project. Capacititive and 
resistance strain gages were found to give most 


consistent and accurate results 


Assessment of particle size 

H. H. Warson and A. J, Caurse, Engineering 

don), V. 177, No. 4606, May 7, 1954, pp. 504-506 
Reviewed by Anon L. Minsky 


Lon- 


“Profile 


simple linear 


parameters,” to be applied to 


measurements to assess true 
particle size, were determined for 13 different 
dusts (< 


is ratio of particle profile area to area of 


l5u). One parameter (Heywood) 
bounding (circumscribed) rectangle; the sec 
ond is ratio of mean projected diameter to 
Method 


consisted of preparing tracings of outlines of 


diagonal of bounding rectangle 


particles with the aid of a microscope; out 
lines were blacked in and the areas determined 
photoelectrically. Technique is said to be 


applicable to macroscopic lumps as well as 


fine particles 
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Two viewpoints on specifications for better 
concrete 


Weatern Construction, V. 
Nov., 1953 


28, No. 7, 9, 11, July, Sept 


Reviewed by M. W. Jackson 


A Building contractor's idea 
C, M. ScurerrerMan, July, 1953, pp. 62-63 


Many of the pet peeves of contractors are 


discussed: ways to eliminate several pages of 


almost meaningless specifications, the danger 
in “canned” specifications, mixes which do 
not fit the job, the authority of the inspector, 
and frequent neglect of adequate curing. 


What good design requires 


Kennetu R. Wurre, July, 1953, pp. 63-64, 117 
Surveys in general the factors to be con- 
sidered in writing good specifications from 


the engineers’ standpoint. 


Specifications can't satisty everybody; let's seek out the 
middle ground 


Samvue. Honps, Sept. 1953, pp. 85-86 
Outlines a middle ground of compromise 
between the engineer and contractor. 


Recipe for good 
control, hard work 


W. E. Naumann, Sept. 1953, pp. 86, 137 





, practical 


Stresses dangers in “canned” specifications 
and the provision of an arbitrary slump re- 
quirement without regard for the 
structural details and the contractor's prob- 
The 


specifications by the job inspector and actual 


proper 


lems. proper interpretation of the 
field control of the concrete are also funda- 
mental. 


Gronce Conanty, Nov. 1953, pp. 83-54 

Discusses many points in favor of wetter 
mixes than usually specified. Some definite 
changes are proposed and a carefully written 
This 
specification will permit the contractor with 
“integrity” 
place the good concrete he knows how to pro- 


new form of specification is suggested. 


and “know-how” to make and 
It still has enough of the other points 
keep the 
under control. 


duce. 


required to contractor without 


“know-how” 


Needed: special training, up-dating for precast, W /C 
ratio safeguards 


F. Tuomas Couwins, Nov. 1953, pp. 84-86 


Discusses need for training courses in 


“practical concrete,” additives and changes 
in mix for various type jobs, and changes in 
procedure for precast panels, thin sections, 
and detailing formwork. 
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Concrete engineers’ handbook 
Concrete Assn 
pp., 5/8 Rs. 


of India, Bombay, India, 1953, 265 


Handbook on reinforced concrete design 
and technology intended primarily for use by 
those who only occasionally are 
with 


concerned 
concrete construction. Section on 
materials contains specifications, tests, and 
other useful data; section on proportioning 
introduces various methods and tables give 
De- 


sign sections cover general theory and present 


proportions for various types of mixes. 


tables and charts for design of slabs, beams 
of various cross section, columns, footings, 
walls, and tanks. Concluding chapters pre- 
sent miscellaneous information and data. 
Book will find little application in the 
United States 
existing. conditions and building regulations 
in India. 


since it is written to meet 


Since good aggregates and rein- 
forcement are often not available, necessitat- 
ing lower allowable stresses, many of the 


tables and charts for concrete sections are 


based on 1909 building regulations. 


Concrete shell roofs 


W. Serron, The Engineering Journal (Montreal), V. 
36, No. 12, Dee. 1953, pp. 1581-1587, 1595 
Reviewed by Anon L. Munsky 

History, design principles, and future of 
shell roofs. An interesting introduction to 


the subject. 


Recent progress in soil cement for road con- 
struction 


D. J. Mac ean, Engineer 
Nov. 27, 1953, pp 


London), V. 106, No 
712-714 


Reviewed by 


5105, 


Anon L. Mirsky 


Discusses the stabilization of cohesive soils 


with liquid limits up to 40 percent (clays), 


use of admixtures (hydrated lime or calcium 
chloride) and finer-ground cement, design and 


construction of  soil-cement roads, and 


methods of test. 


Practical concrete 
J. H. Spantron, The Reinforced Concrete Re 
don), V. 3, No. 1, 1953, pp. 19-32 

Reviewed by C. P. 


Lon- 


SIESS 


From the “‘man-on-the 
this 


problems as: 


viewpoint of the 


job,” paper discusses such practical 
inspection of aggregates at the 
source; site handling of aggregates; mixing, 
transportation, and placing of concrete; steel 


bending and fixing; and formwork 





